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ON  A  SPECIAL  FORM  OF  MAGNETIC  DISTURBANCES.^ 

By  L.  Steiner. 

On  days  which  are  magnetically  almost  quiet,  or  only  slightly 
disturbed,  we  sometimes  find  in  the  curves  small  disturbances  of 
very  regular  course.  Their  period  is  of  about  one  and  one-half  to 
two  and  one-half  hours,  and  their  chief  characteristic  feature  is,  that 
the  horizontal  intensity,  starting  from  the  quiet  march  of  the  curve, 
is  in  general  gradually  increasing  or  decreasing  till  it  has  attained 
a  maximum  or  minimum  value,  and  then  gradually  or  with  small 
oscillations  returns  to  the  undisturbed  value,  and  the  curve  con- 
tinues its  quiet  course.  The  disturbance  appears  in  declination  and 
vertical  intensity,  too.  In  the  vertical  intensity  there  is  a  gradual 
decrease  or  increase,  and  after  the  extreme  values  being  attained 
there  is  a  gentle  return  to  the  undisturbed  value.  In  declination, 
the  disturbance  sometimes  shows  a  more  complicated  feature,  as 
it  has  a  more  oscillatory  character. 

The  circumstance  that  the  curv^e  has  a  quiet  march  before  and 
after  the  disturbance  makes  the  investigation  of  these  disturbances 
simpler  and  easier,  since  the  normal  curve  can  easily  be  drawn  and 
the  disturbing  forces  determined;  the  phenomenon  of  the  "after 
disturbance"  (Nachstoerung) — if  perceivable  at  all — is  small.  In 
Fig.  1  we  have  a  reproduction  of  such  a  disturbance. 

The  magnetograms  of  the  Ogyalla  Observatory  for  the  years 
1906-1917  have  furnished  us  the  observational  data.  We  divided  the 
disturbances  into  two  classes,  according  to  the  horizontal  intensity 
being  augmented  (Class  I,  or  +AH)  or  diminished  (Class  II,  or 
—  AH).  The  normal  curve  was  given  by  connecting  the  quiet 
portions  of  the  curve  before  and  after  the  disturbance,  due  regard 
being  given  to  the  normal  diurnal  change.  The  values  of  the  dis- 
turbances were  determined  every  six  minutes  by  measuring  the 
differences  between  the  disturbed  and  the  normal  curve.     Thus 

'  Abstract  of  a  paper  presented  to  the  Hungarian  Academy  of  Sciences  (Budapest)  at  its 
session,  January  17,  1921. 

1  1 


L.  STEINER 


[Vol.  XXVI,  Nos.  1  and  2] 


were  derived  the  disturbing  forces,  AH,  HAD,  and  AZ,  respec- 
tively, in  the  directions  magnetic  north,  magnetic  east,  and  ver- 
tically downwards. 

On  the  whole,  531  disturbances  have  been  collected  and  meas- 
ured; of  these  428  belong  to  Class   I   and   103  to  Class   II.    The 


2d.       3a.        Aa. 
Feb.  5,  1917 
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frequency  of  Class  I  is  to  that  of  Class  II  as  4.2:  1.  The  period 
of  the  disturbances  is  about  two  hours.  There  is  no  systematic 
difference  between  the  times  of  beginning  and  end  of  the  dis- 
turbance in  the  horizontal  intensity  and  those  in  declination;  the 
disturbance  in  vertical  intensity,  however,  generally  begins  20  to 
25  minutes  later  than  in  horizontal  intensity. 

Table  I  shows  the  number  of  these  disturbances  in  the  different 
years. 

T.VHI.K     I. 


Year 

Class 

I  (  +  A//) 

Class 

IK- 

All) 

Year 

."lass  I  (  +  A// 

JlassII(- 

AH) 

1906 

.^N 

s 

1912 

52 

8 

1907 

2<S 

16 

1913 

43 

6 

190<S 

29 

1.? 

1914 

45 

8 

VW) 

.?5 

.1 

1915 

40 

11 

V>\() 

17 

> 

1916 

36 

9 

I'm 

27 

.S 

1917 
Total 

38 
1906-1917,  42S 

9 

103 

The  small  frequency  in  the  years  1910  and  1911  is  due  to  the  cir- 
cumstance that  from  June  28,  1910.  tillMay  3,  1911,  because  of 
the  insufficient  sensibility  of  the  bifilar  instrument,  we  omitted 
the  disturbances. 
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The  data  for  the  vertical  intensity  could  be  taken  in  consid- 
eration only  in  the  years  1906-10  and  1914-17,  as  from  1911  the 
variometer  of  Mr.  A.  V.  Bucky-  did  not  work  reliably  and  was 
replaced  in  1914  by  a  Lloyd  balance. 

The  annual  change  of  frequency,  when  we  take  together  the 
years  1906-09  and  1912-17,  is  as  follows: 

T.A.BLE    II. 


Jan 

Feb. 

Mar. 

.April 

May 

June 

July 

Aug. 

Sept.l  Oct. 

i 

X  o  V . 

Dec. 

Class  I 
Class  II 

41 

11 

35 
4 

36 

5 

3i 
6 

25 
3 

12 

7 

19 
6 

27 

8 

43 

9 

42 
9 

36       35 
12       13 

Class  I  appears  to  show  a  double  wave,  whereas  Class  II,  a 
single  wave,  with  a  maximum  in  winter.  It  seems  that  the  latter 
has  come  about  by  the  merging  together  of  an  autumn  and  a  spring 
maximum.  The  maximum  in  January  of  Class  I  seems  to  be  a 
displaced  spring  maximum.  In  the  years  1914-17  (Table  III)  we 
see  very  distinctly  the  double  wave  with  maxima  in  spring  and 
autumn. 

T.\BLE   III. 


Jan. 

Feb. 

Mar. 

April 

May 

fune 

Jt>!y 

Aug. 

•>ept 

Oct. 

Nov 

Dec. 

Class  I 

8 

13 

18 

18 

12 

4 

8 

9 

23 

19 

12 

15 

Class  1 1 

2 

2 

2 

5 

1 

2 

3 

5 

2 

3 

6 

4 

Thus  it  appears  that  there  exists  a  similar  double  wave  in  the 
annual  change  of  frequency  of  the  small  regular  as  for  the  magnetic 
disturbances  in  general;  the  latter  has  already  been  determined 
for  several  places.  I  give  here  the  results  for  Ogyalla  from  the 
years  1906-09  and  1912-17;  the  numbers  represent  the  mean  of 
the  three  elements,  and  are  expressed  in  thousandth  part  of  the 
whole  number  of  disturbances: 


-  Jahrb.  d.  k.  Ung.  Reichsanst  f.  Meteor,  u.  Erdmagn..  vol.  .xxxiv.  1904.  2nd  part. 
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Table  IV. — Frequency  of  magnetic  disturbances  in  general  at  Ogyalla, 
1906-1909  and  1912-1917. 


Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov.     Dec. 

83 

92 

101 

76 

82 

60 

63 

81 

90 

107 

1 
90        75 

In  determining  these  frequency  numbers  and  those  below  con- 
cerning the  diurnal  change  of  the  frequency  of  the  disturbances  in 
general,  we  followed  the  method  of  Eschenhagen,^  in  the  years 
1906-09,  and  that  of  Nippoldt,"*  in  the  years  1912-17. 

2.  In  order  to  determine  the  diurnal  change  of  frequency,  the 
day  has  been  divided  in  two-hour  intervals  and  the  disturbances 
of  Classes  I  and  II  have  been  arranged  in  that  interval  in  which 
the  greatest  part  of  the  disturbance  in  declination  took  place. 
Thus  was  obtained  Table  V: 


Table  V. 

h   h 
0-2a 

h   h 
2-4a 

h    h 
4-6a 

h   h 
6-8a 

h     h 
8-lOa 

h      h      h   h 
10-12a    0-2p 

h    h 
2-4p 

h    h 
4-6p 

h   h 
6-8p 

h      h     h      h 
8-lOp   10-12  p 

Class  I 
Class  II 

111 

1 

51 

4 

5 
6 

3 
6 

0 
2 

0 
2 

0 
13 

0 
24 

6 
29 

29 
13 

82 
3 

141 

0 

We  see  the  disturbances  of  Class  I  begin  in  the  interval  4-6p;  then 
their  frequency  increases  and  attains  the  maximum  at  10-12p; 
afterwards  it  diminishes,  and  from  about  S'^a  till  4''p  they  are 
\ery  rare.  The  disturbances  of  Class  II  are,  on  the  contrary,  very 
rare  in  the  night  and  morning  hours.  Their  frequency  increases 
in  the  early  afternoon  hours  and  attains  its  maximum  at  4-6  p. 
All  the  time  data  are  to  le  understood  as  refer rin;^  to  O^^yalla  local 
mean  time. 

There  appears  no  distinct  seasonal  variation  in  the  diurnal 
change  of  frequency;  there  appears  only  a  slight  tendency  toward 
a  secondary  maximum  in  the  early  morning  hours  in  Spring, 
Summer,  and  Autumn  in  Class  II. 

It  is  known  that  the  frequency  of  magnetic  disturbances  in 
general  shows  a  maximum  in  the  e\'ening  and  the  early  night 
hours.  Table  VI  represents  the  diurnal  frequency  of  disturijances 
in  general  for  Ogyalla,  taking  1,000  as  the  whole  number  of  dis- 
turbances. 

'Erg.  Mag.  Beob.  Potsdam.  1890.  1891  etc. 
•  Ibid.  1905,  p.  35. 
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The  diurnal  change  of  frequency  of  the  small  disturbances 
(Classes  I  and  II)  taken  separately  do  not  agree  with  the  frequency 
of  the  disturbances  in  general;  but  taken  together  they  fit  better, 
as  is  seen  from  Table  VII. 


Tabl 

E    VI. 

H 

D 

Z 

Mean 

H 

D 

Z 

Mean 

10  Vrs. 

10  Yrs. 

4  Vrs. 

10  Vrs. 

10  Vrs. 

4  Vrs. 

II    tl 

0-la 

52. 

71 

48 

59 

li     n 

0-lp 

31 

23, 

22 

26 

1-2 

44 

71 

34 

54 

1-2 

37 

25 

45 

33 

2-3 

38 

62 

27 

46 

2-3 

45 

26 

58 

39 

3-4 

35 

54 

26 

41 

3-4 

52 

26 

81 

46 

4-5 

31 

42 

24 

35 

4-5 

:)o 

35 

70 

49 

5-6 

28 

30 

77 

28 

5-6 

59 

44 

73 

55 

6-7 

24 

21 

18 

22 

6-7 

58 

54 

72 

59 

7-8 

18 

16 

16 

17 

7-8 

60 

58 

62 

59 

8-9 

16 

12 

14 

14 

8-9 

60 

67 

53 

62 

9-10 

18 

JO 

10 

13 

9-10 

66 

75 

68 

70 

10-11 

21 

12 

9 

15 

10-11 

66 

75 

73 

71 

11-12 

27 

19 

15 

22 

11-12 

61 

72 

60 

65 

Table  VII. 


h   h 
0-2a 


h  h 

2-4a 

h   h 
4-6a 

h    h 
6-8a 

h 
8- 

h 
-10a 

h      h 
10-12a 

h   h 
0-2p 

h    h 
2-4p 

h    h 
4-6p 

h    h 
6-8p 

h      h 
8-1  Op 

104 

21 

17 

4 

4 

24 

45 

66 

79 

160 

87 

63 

39 

27 

37 

59 

85 

104 

118 

132 

h      h 
10-12P 


Classes  I.  II 
Disturb,  in  gen- 
eral (Ogyalla) 


210 
113 


266 
136 


A  graphical  representation  of  the  diurnal  frequency  of  dis- 
turbances in  general  and  of  those  of  Classes  I  and  II  shows  that 
from  about  9''p  to  about  3 ''a  the  disturbances  of  Classes  I  and  II 
appear  relatively  more  frequent  than  the  disturbances  in  general. 
In  the  remaining  part  of  the  day  they  are,  on  the  contrary,  rel- 
atively more  rare.  From  this  we  conclude  that  those  disturbances 
which  do  not  belong  to  the  Classes  I  and  II  chiefly  appear  in  the 
day  and  in  the  early  evening  hours. 

3.  As  to  the  disturbing  forces  we  found  two  peculiarities: 
{a)  The  first  peculiarity  refers  to  the  horizontal  component  of  the 
disturbing  force  perpendicular  to  the  magnetic  meridian,  namely 
HAD  (H  being  the  horizontal  intensity  and  A^  the  disturbance 
in  declination) ;  (b)  the  second  peculiarity  refers  to  the  relative 
amount  of  the  horizontal  component  in  the  magnetic  meridian 
(AH)  and  of  the  \ertical  component  (AZ). 
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(a)  If  we  compute  the  average  value  of  the  disturbing  force 
H.AD  for  every  disturbance,  dividing  the  sum  of  the  measured 
values  by  the  number  of  measurements,  and  then  take  the  mean 
of  these  average  values  in  every  two-hour  interval  separately,  we 
get  the  Table  VIII.  The  figures  in  parentheses  show  the  number 
of  disturbances  from  which  the  results  have  been  derived.  The 
values  of  H.AD  are  expressed  in  units  of  O.I7;  +  signifies  a  de- 
flection, or  a  component,  toward  the  magnetic  east. 


Table  VIII. 

h   h 
0-2a 

h    h 
2-4a 

h    h 
4-6a 

h    h 
6-8a 

h    h 
8- 10a 

h      h 
10-12a 

h   h 
0-2p 

h  h 
2-4p 

h    h 
4-6p 

h    h 
6-8p 

h     h 
8   lOp 

h    h 
10-12P 

Class  I 

—11 
(109) 

+  17 
(1) 

—27 
(49) 
—34 

(5) 

—134 

(5) 
—58 

(6) 

—65 

(3) 
—29 

(6) 

+  170 
(6) 
+  68 
(28) 

+  104 
(29) 
+  69 
(13   ) 

+  78 

+  46 

(SO) 
+  49 
(3) 

(137) 

Class  II 

+  85 
(1) 

—44 

(2) 

—9 

(13) 

+  46 

(23) 

The  figures  for  Class  I  show  that  from  4''-6''p  the  H.AD  component 
is  in  the  main  directed  toward  magnetic  East;  it  then  gradually 
diminishes,  and,  beginning  with  0''-2''a,  it  is  directed  toward 
magnetic  West.  A  like  peculiarity  does  appear,  but  less  distinctly, 
in  Class  II.  There  too  we  see  that  from  2''-4''p  the  disturbing 
force  H.AD  is  in  the  afternoon  and  evening  hours  directed  toward 
magnetic  East,  and  previously  in  the  morning  hours  there  is  a 
tendency  of  its  being  directed  toward  magnetic  West. 

In  connection  with  these  peculiarities  it  might  be  mentioned 
that  tor  the  disturbances  in  declination,  in  general,  the  deviations 
toward  East  are  most  frequent  in  the  evening  and  early  night 
hours,  when  those  toward  West  are  rare.  The  latter,  however, 
are  more  frequent  after  midnight  and  in  the  day  hours,  when  the 
easterly  deviations  are  scarce.  We  see  that  from  the  data  referring 
to  Pare  Saint  Maur,  which  we  drew  together  in  two-hour  intervals 
(Table  IX);  the  data  refer  to  the  vears  1883-1897. 


Table 

IX. 

h    h 
1.2a 

h    h 
3.4a 

h    h 
5,6a 

h   h 
7.8a 

h     h      h      h 
9,10a   11.  12a 

h  h 

1.2p 

hh 
3.4p 

h    h 
5,6p 

h    h 
7.8p 

h     h 
9,  lOp 

h      h 
ll,12p 

Sum 

Number  of 

westerly 

deviations 

Number  of 

easterly 

deviations 

249 

723 

.«»0 
447 

.^20 
210 

396 
122 

437 
135 

423 

177 

506 

212 

483 
212 

353 
365 

171 
644 

111 
783 

174 
805 

3932 
4835 
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{h)  In  the  vertical  disturbing  force  (AZ)  there  appears  the 
following  peculiarity:  In  Class  I  (  +  AH'),  AZ  is  in  a  prepon- 
derantly great  number  of  the  disturbances  negative;  in  Class 
II  {  —  AH),  AZ  is  chiefly  positive.  When  there  are  positive 
values  of  AZ  in  the  first  case  and  negative  values  in  the  second 
case,  they  are  very  small.  This  rule  scarcely  admits  of  any  excep- 
tion. In  the  years  1911-13  the  vertical  component,  on  account  of 
instrumental  defects,  has  not  been  measured.  In  the  years  1906-10 
and  1914-17  the  vertical  component  was  measured  in  367  dis- 
turbances. Among  these  there  were  only  five  with  +  AH  and  -|-  AZ, 
and  only  four  with  —  /\H  and  —  AZ.  This  peculiarity  is  well 
exhibited  in  Table  X.  in  which  another  peculiarity  strikes  one  at 
the  same  time,  namely  that  to  a  greater  absolute  value  of  AH 
corresponds  a  greater  absolute  value  of  AZ.  The  forces  (AH,  AZ) 
are  expressed  in  units  of  O.I7;  n  is  the  number  of  disturbances  of 
which  the  total  number,  disregarding  the  nine  disturbances 
mentioned,  is  367—9  =  358. 


Table  X. 


Class  I 

Class  II 

AH 

AZ 

n 

AH 

AZ 

n 

-h  38.1 

-10.8 

77 

1 

-  34.1 

+  12.9 

18 

+   74.6 

-12.9 

129 

-   74.5 

+  10.8 

34 

+  119.9 

-18.4 

62 

-123.0 

+  17.6 

18 

+  171.4 

-23.5 

15 

-186.0 

+40.8 

2 

+245.0 

-40.0 

3 

It  is  noteworthy  that  we  find  in  general  a  similar  property  in 
the  large  disturbances.  Here  we  mostly  have  —  AH  with  +AZ. 
Disturbances  with  +  AH  and  —  AZ  are  more  rare,  and  such 
for  which  we  have  —AH  with  —  AZ,  and  +  AH  with  -fAZ  are 
very  scarce.  We  can  see  that  from  the  following  figures,  which 
we  deduced  from  the  magnetic  records  in  Ogyalla  for  the  years 
1905-13^).  If  we  take  the  differences  of  the  daily  means  of  the 
elements  on  the  greatly  disturbed  days*^  and  those  on  1,  2,  3  days 
before  and  afterw-ards,  we  get  a  general  idea  of  the  course  of  the 

'  Jahrb.  K.  Ung.  Reichs'ansl.  f.  Meteor,  u.  Erdmagn.,  2nd  part. 

« We  took  such  disturbed  days  which  had  the  characteristic  number  3  or  more  in  declination 
and  horizontal  intensity,  and  2  or  more  in  the  vertical  intensity.  These  numbers  refer  to  the 
1-5  scale  of  E^schenhagen  {Ergebn.  Magn.  Beob.,  Potsdam,  1890,  1891,  etc.). 
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large  disturbances."  This  we  have  done,  and  then  we  have  taken 
the  mean  of  these  differences.  Thus  was  obtained  Table  XI. 
The  figures  in  brackets  show  the  number  of  disturbances;  the  forces 
are  expressed  in  units  of  O.I7. 

Table  XI. 


Before 

Day  of  Dis- 
turbance 

After 

3d  Day 

2d  Da> 

1st  Day 

1st  Day 

2d   Day 

3d   Day 

/\H  (63) 
AZ  (47) 
H.AD  (43) 

+  179 

-  55 

-  26 

+  198 

-  56 

-  27 

+  188 

-  58 

-  19 

0 
0 

0 

+24 
-   8 
+  16 

+  73 
-22 

+  5 

+  109 

-  29 

-  13 

These  figures  show  that,  in  general,  we  have  —AH  with  -{-AZ. 
(They  show  well  also  the  phenomenon  of  the  "after  disturbance.") 

4.  When  we  wish  to  construct  an  average  vector-diagram  of  the 
disturbances  of  Classes  I  and  II,  the  circumstance  that  the  dis- 
turbances are  of  diff^erent  period  offers  a  difficulty.  We  partly 
evaded  that  by  proceeding  in  the  following  manner:  The  period 
of  the  disturbance  in  horizontal  intensity  was  taken  as  unit  of 
time  and  divided  in  40  parts.  The  period  of  the  disturbances 
being  on  the  average  about  two  hours,  every  interval  represented 
about  three  minutes.  The  measured  values  have  been  ranged 
into  these  intervals.  The  measurements  refer  to  the  tenth  parts 
of  the  hour,  and  are  simultaneous  in  the  three  elements.  In  de- 
riving the  average  vector-diagram,  the  values  belonging  to  the 
same  aliquot  part  of  the  period  of  the  disturbance  in  horizontal 
intensity  .have  been  united  into  one  mean.  As  the  beginning  and 
end  of  the  disturbances  in  declination  and  vertical  intensity  do 
not  generally  agree  with  that  of  the  horizontal  intensity,  the  period 
of  the  latter  had  to  be  continued  forwards  and  backwards.  In 
this  way  the  disturbances  have  been  somewhat  distorted;  but  as 
their  periods  are  in  general  not  too  far  from  two  hours,  the  dis- 
tortion, we  can  assume,  has  not  been  too  large. 

In  this  way  both  the  horizontal  (AH,  H. AD)  and  the  vertical 
{AH,  AZ)  vector-diagrams  have  been  constructed  for  two-hour 
intervals  separately.  In  accordance  with  Table  VIII  the  hori- 
zontal vector-diagram  (AH,  H.AD)  of  Class  I  is  in  the  magnetic 
Northeast  quadrant  in  the  evening  hours,  then  gradually  takes  a 

'  The  differences  are  taken  in  the  sense  1st,  2nd,  3rd  day  —  day  of  disturbance. 
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more  northern  direction,  and  at  about  midnight  goes  over  into 
the  magnetic  Northwest  quadrant;  thus,  as  a  whole,  turns  in  anti- 
clockwise direction.  The  horizontal  vector  itself  turns  in  anti- 
clockwise direction  in  the  evening  and  early  night  hours,  and  in 
clockwise  direction  after  midnight. 

In  Class  II  the  turning  of  the  vector-diagram,  as  a  whole,  is 
not  so  obvious.  In  the  afternoon  hours  it  is  in  the  southeast 
quadrant ;  while  during  the  morning  hours,  as  far  as  the  small  num- 
ber of  disturbances  in  these  hours  admit  of  any  inference,  it  oc- 
curs in  the  southwest  quadrant;    thus  it    seems   to   turn    in   anti- 


]r(z7) 


-loy- 


Fig.  2 

clockwise  direction.  The  horizontal  disturbing  force  turns  in 
anti-clockwise  direction  during  the  afternoon  .hours  and  in  clock- 
wise direction  during  the  morning  hours.  [See  Fig.  2.  In  this 
figure  we  reproduced  only  those  vector-diagrams  for  which  there 
are  observational  data  in  sufficient  number.  The  slight  difference 
in  the  number  of  disturbances  (figures  in  parentheses),  compared 
with  the  numbers  in  Table  \TII,  is  due  to  the  circumstance  that 
we  omitted  the  nine  exceptional  disturbances  (see  3b).] 

The  vertical  \ector-diagram  (AH,  AZ)  of  Class  I  is  in  the  upper 
north  quadrant,  and  that  of  Class  II  in  the  lower  south  quadrant. 
The  turning  of  the  vector  for  Class  I  generally  takes  place  in  anti- 
clockwise direction;  for  Class  II  the  turning  at  4*'-6''p  is  in  clock- 
wise direction. 
2 
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5.  It  seems  that,  on  the  whole,  our  results  fit  into  the  general 
conception  we  have  regarding  magnetic  disturbances  according  to 
the  theory  of  Birkeland  and  Stoermer.  Let  us  imagine  that  in 
those  places  where,  according  to  Stoermer's  theory,  the  districts 
of  precipitation  of  such  negative  particles  are  to  be  found,  the 
paths  of  which  strike  the  center  of  the  Earth, ^ — there  may  be  such 
electric  current-systems,  the  magnetic  fields  of  w^hich  represent  the 
magnetic  field  of  Birkeland's  polar  storms.^  These  current-systems 
consist  of  a  horizontal  and  two  very  long  vertical  branches. 

These  districts  of  precipitation  are  determined  by  their  distances 
from  the  magnetic  pole  and  by  their  angular  distance  {<i>)  from 
the  Sun,  measured  along  the  magnetic  equator.  Computing  <^ 
for  different  declinations  and  different  hour-angles  of  the  Sun, 
we  find  the  positions  of  these  districts  relative  to  the  place  and 
time  of  observation.  If  we  make  assumptions  about  the  current- 
strength,  the  length  of  the  horizontal  part  of  the  current-system 
and  its  height  above  the  Earth's  surface,  we  can  compute  the  dis- 
turbing forces. 

In  general  there  are  several  districts  of  precipitation :  <^^,  0,,  </>3,  0^, 
some  of  which  may  fall  out  on  certain  days  and  hours,  according 
to  different  declinations  of  the  Sun.  Birkeland's  experiments^*^ 
permit  the  conclusion  that  the  precipitations  in  the  different 
districts  are  of  unlike  strength,  and  especially  that  the  first  two 
0,,  ^,,,  are  the  strongest;  further,  in  accordance  with  Birkeland'V 
we  assume  that  in  </>,  there  is  the  center  of  a  current-system 
corresponding  to  a  positive  polar  storm,  and  in  0^  O'^c  corre- 
sponding to  a  negative  polar  storm.  We  shall  see  that  0,  shows 
analogy  to  the  disturbances  of  Class  II  and  </)^,  to  those  of  Class  I. 

(a)  If  we  compute  4>  for  different  declinations  of  the  Sun  (8) 
and  for  two-hour  intervals,  and  afterward  count  how  often  they 
appear,  we  get  the  following: 

T.VULE  XII. 


5=   -23°.5 
(Dec.  21) 

-15° 
(Feb.  8, 
Nov.  3 ) 

-10° 
(Feb.  23, 
Oct.  20) 

0° 
(Mar.  21, 
Sept.  U) 

+  10° 
(Apr.  16, 
Aug.  27) 

+23°.5 
(June  21) 

"A, 

5 
5 
3 

8 
8 

11 

11 

9 

9 

12 

12 

12 

7 

12 
9 
9 
5 

12 
3 
3 
0 

'  Birkeland:    The  Norwegian  Polaris  Expedition,  1902-03.  1st  section,  pp.  158-160. 
'  Jbid..  p.  95.  etc.  '"  Ibid.,  j..  590.  n  1.  c.  pp.  560-591. 
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From  this  we  see  that  the  frequency  of  (f).,  shows  a  very  distinct 
annual  change,  with  maxima  about  the  equinoxes;  in  0,  the  annual 
change  is  not  so  apparent,  and  gives  rather  a  minimum  in  winter. 
This  reminds  us  of  what  we  found  for  Classes  I  and  II.  Certainly 
our  conclusion  would  be  exactly  valid  only  in  that  case  if  the 
radiations  of  the  Sun,  which  cause  the  precipitations  in  the  dis- 
tricts 0,  <j).,,  should  be  uniformly  constant  during  the  whole  year, 
and  the  frequency  of  the  0-centers  would  only  depend  on  the 
position  of  the  Sun. 

(b)  One  should  expect  that  at  the  time  when  in  the  course  of 
the  day  the  centers  of  the  current-systems  are  next  to  the  place  of 
observation,  the  frequency  of  the  disturbances,  on  account  of  the 
greater  disturbing  forces,  would  be  greater,  as  they  can  more  dis- 
tinctly be  recognized  on  the  magnetograms.  Xow  <^,  and  02  ^^^ 
next  to  the  place  of  observation  at  2^-4:^  in  the  afternoon  (0i) 
and  at  8 '^-10'^  in  the  evening  (0„) ;  the  disturbances  II  and  I  are 
most  frequent  at  4''-6f'  in  the  afternoon  (II)  and  at  10i'-12i'  in 
the  night  (I),  hence  about  two  hours  later.  Thus  there  appears 
a  displacement  of  about  two  hours. 

(c)  By  means  of  the  tables  given  by  Birkeland^'-  we  computed 
the  disturbing  forces  of  the  combined  effect  of  4>^  and  02  ^^i  the 
course  of  the  day.  With  regard  to  the  annual  frequency  of  the 
disturbances  I  and  II,  we  give  the  results  (Table  XIII)  only  for 
zero  declination  of  the  Sun.  For  the  declinations  +10°  and  —10° 
we  get,  on  the  whole,  the  same  result.  For  the  horizontal  parts  of 
the  current-systems  ( A/x)  60°  have  been  assumed.  These  branches, 
lying  in  the  magnetic  parallel  of  magnetic  latitude  70°^^^,  the  cur- 


T.\BLE   XIII 

(Am  =  6C 

°;  5  = 

0°) 

L.M.T. 

L.M.T. 

[•L.^'.T. 

Og>'alla 

AZ 

AY 

AZ 

Ogyalia 

AX     AY 

AZ 

Og  a  la 

AX 

AY     AZ 

h 
0 

-   24 

-169 

-102 

h 
8a 

+     8 

-   67 

+   12 

h 

-   59 

+336 

+  196 

la 

-   44 

-111 

-  43 

9 

+     6 

-   95 

+   28 

5 

+   22 

+346 

+  74 

2 

-   35 

-   70 

-    16 

10 

-    12 

-138 

+  68 

6 

+   76 

+345 

-  30 

3 

-   24 

-  50 

-      6 

11 

-   76 

-178 

+  145 

7 

+  154 

+306 

-139 

4 

-    14 

-   39 

-      2 

12 

-179 

-153 

+270 

8 

+242 

+  220 

-302 

5 

—     7 

-  37 

0 

Ip 

-252 

-   36 

+363 

9 

+280 

+  45 

-384 

6 

-      1 

-   39 

+     2 

2 

-249 

+  139 

+384 

10 

+205 

-146 

-354 

7 

+     5 

-  49 

+     5 

3 

-161 

+282 

+314 

11 

+   74 

-214 

-232 

■'■  1.  c.  pp.  428-432. 

"  The  magnetic  pole  is  taken  here  as  the  point  where  the  magnetic  axis  of  the  Earth  cuts  the 
surface;  its  distance  from  the  geographical  pole  is  assumed  to  be  11°  25'7. 
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rent  strength  is  equal  to  10^  C.  G.  S.,  and  the  height  of  the  horizontal 
branch  of  the  current-system,  400  km."  The  disturbing  forces  are 
determined  for  a  place  the  magnetic  parallel  of  which  is  50°  (for 
Ogyalla  it  is  47°  17M).  The  forces  AX,  A  F,  AZ,  are  expressed 
in  units  of  O.I7. 

The  disturbing  forces  have  been  computed  for  other  lengths, 
too,  of  the  horizontal  part  of  the  current  system  (Am  =  90°,  120°); 
in  the  main  they  give  like  results.  The  quantities  A  A',  AF,  AZ, 
have  practically  the  same  meaning  as  AH,  H.AD,  AZ,  used 
before. 

Let  us  consider  the  values  for  8  =  0°  (8=  ±10°,  gives,  on  the 
whole,  the  same).  AX  shows  considerable  values  between  11  ^-a 
and  11  hp.  The  disturbances  of  Classes  I  and  II  show  their  greatest 
frequency  in  the  course  of  the  day  between  0'>-2''p  and  2''-4ha, 
thus,  with  a  displacement  of  about  two  hours,  in  the  same  part  of 
the  day.  AX  is  negative  about  noon  and  in  the  early  afternoon 
hours  (thus  corresponding  to  the  disturbance  of  Class  II),  and 
positive  in  the  late  afternoon,  evening,  and  early  night  hours 
(thus  corresponding  to  the  disturbance  of  Class  F).  During  the 
time  while  AX  has  negative  values,  AF  is  negative  in  the  first 
part  of  this  time  and  positive  in  the  second  part;  and  during  the 
time  while  AX  shows  positive  values  A  F  is  positive  in  the  first 
part  of  this  time  and  negative  in  the  second  part.  These  properties 
are  the  same  as  those  exhibited  in  Table  VIII  and  in  the  anti- 
clockwise rotation  of  the  horizontal  vector-diagram,  as  a  whole, 
of  the  disturbances  I  and  II  in  the  course  of  the  day. 

F'urther  we  see  that  during  the  greater  part  of  the  day  AZ  is 
positive  when  AX  is  negative,  and  AZ  negative  when  AX  is 
positive.  These  properties  are  the  same  as  those  exhibited  in 
Table  X  concerning  the  disturbances  I  and  II. 

There  appears,  however,  a  contradiction  of  greater  weight 
between  the  values  of  Table  XIII  and  the  observational  data. 
According  to  Table  XIII,  AZ  is  larger  than,  or  of  the  same  magni- 
tude, as  AX,  whereas  in  the  disturbances  I  and  II.  AZ  is  much 
smaller  than  AH  (Table  X).  This  contradiction  can  perhaps  be  ex- 
plained by  the  magnetic  effect  of  the  induced  currents  which  arise 
in  the  Earth's  crust,  either  b\-  displacement  of  the  primary  current- 
system  or  by  variations  of  the  current-strength  in  it. 

The  parallelism  between  the  absolute  values  of  AH  and  AZ 
(Table  X)  might  be  due  to  the  different  strength  of  the  current- 

'  BiRKELAND,   1.   C,   p.   428. 
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system,  which  would  alter  the  different  components  in  the  same 
proportion. 

6.  The  values  of  Table  XIII  are  to  be  interpreted  in  the 
following  manner.  If  at  the  different  hours  of  the  day  which  are 
in  the  first  column  there  come  such  radiations  from  the  Sun  as 
are  supposed  in  the  Birkeland-Stoermer  theory  and  the  magnetic 
action  of  which  can  be  represented  by  the  simple  current-system 
assumed  in  Birkeland's  polar  storms,  then  in  Ogyalla  there  will  be 
such  disturbing  forces  as  are  represented  in  Table  XIII.  If  we 
assume  that  the  current-systems  do  not  appear  at  once  in  their 
full  strength,  but  develop  gradually,  the  current  attaining  its  full 
strength  of  10^  C.  G.  S.,  little  by  little,  and  then  disappearing 
gradually,  we  can  draw  the  vector-diagrams.  If  we  do  that,  we 
find  the  anti-clockwise  turning  of  the  horizontal  vector-diagram, 
as  a  whole,  and  this  much  more  distinctively  than  in  the  dis- 
turbances I  and  II.  The  turning  of  the  horizontal  vector  is  always 
anti-clockwise,  and  there  we  do  not  find  the  change  in  the  turning 
direction  as  in  Class  I.  One  explanation,  though  not  quite  satis- 
factory, of  the  later  phenomenon  could  perhaps  be  found  in  an 
easterly  displacement  of  the  current-system.  In  the  disturbances 
which  Birkeland  investigated  there  are  some  cases  of  such  a  dis- 
placement.^'^ 

The  situation  and  form  of  the  vertical  vector-diagram  (AX, 
AZ),  as  well  as  the  direction  of  the  turning  of  the  vector  itself,  is 
in  agreement  with  the  observations.  The  vertical  component, 
however,  is  much  larger  than  in  the  disturbances  I  and  II. 

8.  At  last  we  mention  that  the  opinion  recently  asserted  by 
different  authors^*'  that  the  aurora  phenomena,  and  thus  in  Birke- 
land's conception  the  magnetic  disturbances  too,  are  due  to  pos- 
itive particles,  cannot,  at  least  with  such  simple  assumptions  as 
made  above,  be  brought  into  agreement  with  the  disturbances  of 
Classes  I  and  II;  thus,  for  instance,  in  the  diurnal  change  of 
frequency  the  maxima  would  be  as  3  ^a.  for  Class  I  and  at  8  ^a  for 
Class  II. 

On  the  whole,  it  seems  that  there  is  an  analogy  between  the 
disturbances  of  Classes  I  and  II  and  the  negative  and  positive 
polar  storms  of  Birkeland.  This  analogy  extends  over  the  annual 
and,  with  some  displacement  in  time,  over  the  diurnal  change  oi 

'•  Birkeland,  1.  c,  pp.  113,  137,  and  223. 

:«J.  Stark:  Das  Nordlichtspektrum  ein  spektrum  positiver  Strahlen.  Anti.  d.  Physik. 
Bd.  54,  pp.  598-614. 
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frequency;  also  over  the  horizontal  vector  diagram  and,  allowance 
being  made  for  the  influence  of  the  induced  currents,  over  the 
vertical  vector-diagram  too.  But  \Vith  the  simple  scheme  above 
we  do  not  find  explained  the  relative  frequency  of  the  disturbances 
of  Classes  I  and  II  and  the  change  of  direction  in  the  turning 
of  the  horizontal  vector.  But  not  too  much  stress  must  be  laid 
upon  the  latter  circumstance,  first,  because  the  sense  of  turning 
of  the  horizontal  vector  is  much  influenced  by  the  movement  of 
the  current-system  itself,  and  secondly,  our  simple  supposition 
that  the  strength  of  the  current  gradually  increases  and,  after 
reaching  a  maximum  value,  gradually  dwindles  away,  will  in  rare 
cases  be  fulfilled. 


PRELIMINARY    RESULTS    OF    OCEAN    MAGNETIC    OBSERVATIONS    ON 

THE  CARNEGIE  FROM  LYTTELTON  TO  TAHITI,  FANNING  ISLAND, 

SAN  FRANCISCO,  AND  HONOLULU,  NOVEMBER,  1920, 

TO  APRIL,  1921.1 

By  J.  P.  AuLT,  Commanding  the  Carnegie. 

lObservers:  J.  P.  Ault,  H.  F.  Johnston,  R.  R.  Mills,  H.  R.  Grummann,  and  R.  Pemberton.) 

I. — Lyttelton  to  Tahiti. 
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212  07 
212   22 
212   30 

17. 3E 
17. 7E 

18^2  E 
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0.3E 
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Date 

Lati- 
tude 

Long. 
East 
of  Gr. 

Carnegie 

Values 

Chart  Values 

Chart  Differences- 

Decl'n 

Incl 

n 

Hor. 
Int. 

Decl'n 

Inci'n 

H.In. 

r.  s. 

Decl'n 

Inci'n 
U.S. 

H.  In.' 

brit.      e.  .-. 

o.  b. 

Brit.  1  U.  S. 

U.S. 

Dec.     1 
1 

43  21   S 
43   13  S 
42   10  S 
41   23  S 
41  05  S 
40  03  ? 
39  10  S 
38  53  S 
37  53  S 
37  09  S 
37  03  S 
36  18  S 
36  18  S 
36  18  S 
35  20  S 
34  36  S 
34  16  S 
33  27  S 
33  06  S 
32  56  S 
32  04  S 
31  58  S 
30  51  S 
30  45  S 
30   13  S 
30  09  S 
30  06  S 
30  04  S 
29   19  S 
29  07  S 
28  23  S 
28  03  S 
28  01   S 
27   26  S 
27   20  S 
27   14  S 
26  46  S 
26  08  S 
25  52  S 
24  37  S 
23  56  S 
23  42  S 
22  42  S 
22  05  S 
21   54  S 
21    11   S 
20  43  S 
20  34  S 
19  47  S 
19  25  S 
18  47  S 
18  41   S 
18   10  S 
17  44  S 
17  37' S 

216   15 

216  21 

217  09 

217  56 

218  08 

218  54 

219  48 

220  06 

221  41 

222  50 

223  03 

224  36 

225  29 

225  31 

226  24 

227  03 
227  22 
227  31 

217  28 
227   22 
227  44 

227  50 

228  20 
228  28 
228  29 
228  39 
227  28 
227  25 
225  58 
225  42 
224  38 
224  08 
224  04 
223   18 
222  51 
111  41 
221  59 
221  21 
221  07 
219  51 
219  03 

218  46 
217  35 
216  45 
216  31 
215  34 
214  55 
214  46 
214  00 
213  25 
212  37 
212   11 
212   11 
211    13 
211    0^ 

i7'8'E 
17. 6E 

17. 4E 
17. OE 

16  2  E 

15.7  E 

15;9E 

15.5  E 

i5'5  E 

15.6  E 

i4'6E 

14 . 8  E 

U^SE 

UAE 

14' IE 

13^5  E 

i3'6E 

i3'3E 
12. 6E 

i3'0E 
12. 8E 

i2'9'E 
12.1  E 

12.' 2  E 
12. OE 

i  1 ;  7  E 

11.7  E 

1  L  4  E 
11. 2E 

1 M  E 
10  9E 

10  7  E 

10  4E 

io's'f 

61.1 

b 

.260 


60.8  !: 

.252 

0.3  S 

+8 

17.5  E 
17.2  E 

17.7  E 
17. 3E 

0.3E 
0.4E 

0.1  E 
0.3E 

2 

2 

59.0 

5 

.268 

59.0  S 

.261 

0.0 

+  7 

2 

16. 8E 
16.5  E 

16. 9E 
16. 6E 

0,6E 
0.5E 

0.5E 
0.4E 

3 

3 

56.6 

S 

.277 

56.1  S 

.271 

0.5  S 

+6 

3 

16.2  E 
15. 9E 

16.3. . 

0.0 
0.2\\ 

OIW 
0 .  2W 

4 

15. 9E 

4 

53.8 

S 

;285 

54.2  S 

.282 

0.4N 

+3 

4 

15.7  E 
15. 6E 

15.6. . 

0,2  L 
O.IW 

0.3  E 
0.0 

5 

15. 5E 

5 

52.9 

s 

.288 

52.9  S 

.285 

0.0 

+3 

15. 6E 

15.3  E 

15. 5E 
15.2  E 

O.IW 
0.3  E 

0.0 
0.4E 

6 

6 

50.6 

S 

.292 

50.7  ^ 

.291 

O.IN 

+  1 

6 

15. OE 
14. 8E 

14. 9E 
14.7  E 

0.4W 
0.0 

0.3W 
0.1  E 

7 

7 

49.1 

S 

.296 

49.2  S 

.294 

0.1  N 

+  2 

7 

14. 6E 

14. 5E 

0.2  E 

0.3  E 

8 

48.1 

s 

.298 

48.2  S 

.297 

O.IN 

+  1 

8 

14.3  E 

14. 3E 

0.1  E 

0.1  E 

9 

46.3 

s 

.302 

46.8  S 

,300 

0.5N 

+2 

9 

13. 9E 

13. 9E 

0.2E 

0,2E 

10 

45.2 

s 

.303 

46.2  S 

.300 

1.0  N 

+  3 

10 

13. 8E 

13. 8E 

0.3W 

0.3W 

11 

45.7 

S 

.302 

46.2  S 

.301 

0.5  N 

+  1 

11 

13.7  E 

13.8  E 

O.IW 

0.2W 

12 

45.2 

s 

.303 

45.8  S 

.302 

0.6N 

+  1 

1' 

13. 4E 
13. IE 

13. 4E 
13.3  E 

O.IW 
0.5W 

O.IW 
0.7W 

13 

13 

44.1 

s 

.308 

44.2  S 

.306 

O.IN 

+2 

13 

13.0  E 
12.9  E 

13.1  E 
12. 9E 

0.0 
OIW 

O.IW 
O.IW 

14 

14 

43.0  S 

.310 

43.7  S 

.307 

0.7N 

+3 

14 

12. 8E 
12. 6E 

12.9  E 
12. 8E 

0.1  E 
0.5W 

0.0 
0.7W 

15 

15 

41.9 

s 

.314 

42.5  S 

.309 

0.6N 

+  5 

15 

12. 5E 
12.1  E 

12. 6E 
12. 3E 

0.3W 
O.IW 

0.4W 
0.3W 

16 

16 

39.4 

s 

.319 

40.4  S 

.314 

l.ON 

+5 

16 

11. 9E 
1 1 . 6  E 

12.1  E 
11.8  E 

0.2W 
0.1  E 

0.4W 
O.IW 

17 



17 

37.2 

s 

.324 

37.4  S 

.318 

0.2  N 

+6 

17 

11.4  E 
11.2  E 

1 1 . 6  E 
1 1 . 3  E 

0.0 
0,0 

0.2W 
O.IW 

18 

18 

35.4 

s 

.325 

35.2  S 

.323 

0.2  S 

+  2 

18 

11.1  E 
10. 9E 

11.1  E 
10. 9E 

0  0 
0  0 

0.0 
0.0 

19 

19 

34.0 

s 

.330 

33.4  S 

.327 

0.6  S 

+3 

20 

10.6  E 

10, 6E 

0.1  E 

0.1  E 

20 

32.1 

s 

.331 

32.5  S 

.328 

0.4N 

+3 

21 

10.5  E 

10. 5E 

O.IW- 

O.IW 

22 

31.2 

s 

.335 

31.6  S 

.331 

0.4N 

+4 

22 

10  4  F 

10  3  E 

n   1  F 

0  5  E 
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Notes  on  Trip  from  Lyttelton  to  Papeete,  Tahiti. 

Some  delay  was  occasioned  by  the  tardy  arrival  of  the  stores 
ordered  from  San  Francisco,  but  all  business  was  finally  transacted 
by  November  19,  and  preparations  for  departure  were  completed. 
Leaving  Lyttelton  under  tow  at  1 1'  15'"  p.  m.,  the  tug  was  released 
by  3''  p.  m.,  and  we  proceeded  with  engine  running  until  we  had 
cleared  Banks  Peninsula,  when  all  sails  were  set.  For  three  days 
the  wind  blew  from  the  north,  then  shifted  to  the  west  and  remained 
westerly  for  four  days.  The  180th  meridian  of  longitude  was 
crossed  on  November  22,  and  the  date  November  22  was  repeated. 

No  heavy  storms  were  met,  however  moderate  gales  blew  on 
November  22,  November  27,  December  1,  and  December  5.  From 
December  1  to  December  10  the  wind  blew  steadily  from  the  north- 
west, driving  the  vessel  about  600  miles  east  of  her  course.  On 
December  14  we  caught  the  southeast  trade  and  were  able  to  set 
the  course  for  Papeete.  No  prolonged  calms  were  experienced, 
and  the  engine  was  used  on  three  occasions  only  and  but  for  a  few 
hours.  When  within  150  miles  of  Papeete  we  ran  it  for  48  hours 
against  head  winds  or  through  calms  and  reached  the  port  early 
on  the  morning  of  December  23. 

Everyone  enjoyed  good  health  throughout  and  found  the  trip 
very  pleasant  after  leaving  the  cold  latitudes. 

The  total  distance  sailed  from  Port  Lyttelton  to  Papeete  was 
4,262  miles,  which  gives  a  daily  average  of  122.5  miles  for  the  35 
days  at  sea. 


II.- 

—Tahiti  to  Fannin 

g  Island  and  to  San  Francisco. 

Date 

Lati- 
tude 

Long. 
East 
of  Gr. 

Carnegie  Values 

Chart  Values 

Chart  Differences* 

Hor. 
Int. 

Decl'n 

Incl'n 

H.In. 

Decl'n 

Incl'n 

H.  In.' 

Brit.  1  U.  S. 

U.S. 

U.S. 

Brit. 

U.S. 

U.S. 

U.S. 

1921 
Jan.      4 

o         / 

16  45  S 

16  23  S 

16   14  S 

15  01   S 

14   15  S 

13  58  S 

12  37  S 

12  00  S 

11  48  S 

10  53  S 

10   14  S 

9  57  S 

8  46  S 

7  52  S 

7  35  S 

6  05  S 

5  13  S 

5  02  S 

o            / 

209  36 
209  22 
209  20 
209  00 
208  55 
208  55 
208  53 
208  44 
208  43 
208   16 
208   12 
208  09 
207  43 
207  28 
207  24 
207   14 
207  00 
206  55 

10. 3E 

io;3'E 
10. OE 

'9^8'e 
9.7E 

'9'2'E 
9.2E 

'9'2'E 
9.0  E 

"8;7'e 
8.6E 

'8^5  F. 

0 

c.g.s. 

10. 2E 

10. OE 

° 

c.g.s. 

0 
O.IE 

0.3  E 

0 

4 

29.3  S 

.338 

29.0  S 

.335 

0.3  S 

+3 

4 

10.1  E 
10.0  E 

10. OE 
9.8E 

0.2E 
0.0 

0.3E 
0.2  E 

5 

5 

26.0  S 

.341 

24.5  S 

.338 

1.5  S 

+3 

5 

9.9E 
9.8E 

9.6E 
9.4E 

0.1  VV 
O.IW 

0.2E 
0.3E 

6 

6 

21.7  S 

.344 

21.0  S 

.342 

0.7  S 

+2 

6 

9.6  E 
9.5E 

9.3  E 
9.2E 

0.4\V 
0.3\V 

O.IW 
0.0 

7 

7 

18.6  S 

.345 

17.3  S 

.346 

1.3  S 

_1 

7 

9.4E 
9.2  E 

9.0E 

8.8E 

0.2W 
0.2W 

0.2E 
0.2  E 

8 

8 

14.4  S 

.347 

13.1  S 

.348 

1.3  S 

—  1 

8 

9.0E 
8.7  E 

8.7E 
8.4E 

0.3W 
O.IW 

0  0 
0.2  E 

9 

9 

9.1  S 

.347 

8.0  S 

.348 

1.1  S 

—  1 

9 

8 . 5  E 

8.2  E 

0.0 

0.3  E 
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Lati- 
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Chart  Differences- 


Decl'n 
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11 
20 
04 
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12 

33  N 
23  N 
33  N 
17N 
39  N 
45  N 
00  N 
22  N 

08  N 
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22  32  N 
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23  02  N 
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00  N 
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41  N 
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54  N 
11  \ 
20  N 
52  N 

32  N 
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4 
3 
3 
1 
0 
0 
1 
2 
2 
3 
3 
3 
4 
5 
6 
6 
7 
8 
8 

10 
10 
11 
11 
13 
14 
16 
16 
16 


18 
19 
19 
20 
21 
22 


206 
205 
205 
204 
204 
204 
204 
203 
203 
202 
201 
201 
200 
200 
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200 
200 
199 
199 
199 
199 
198 
198 
197 
197 
197 
196 
196 
195 
195 
195 
194 
194 
192 
191 
191 
191 
190 
190 
188 
188 
188 
187 
187 
187 
186 
'186 
186 
185 
186 
186 


%.i  E 

8.0E 


1  E 
IE 


8.0E 
8.2E 


7.6E 
8.2E 
8.9E 


8.0E 
8.2E 


8.6E 
9.0E 
8.9E 


27    8.6E 

52 

42 

56 

40 

35 

27 

51 

31 

10 

26 

18 

36 

30 

23 

20 

07 

06 

06 

42 

41 

30 

25 

47 

23 

31 

25 

18 

23 

07 

34 

12 

08 

22 

00 

28 

56 

50 

03 

18 

11 

59 

26 

2l|l0.6  E 

37|10.8E 

17|.... 

14  10.7  E 


5.0  S 


0.9  N 


6.7  N 


6E 
2  E 


9.6E 


9.6E 
10. OE 


10. 2E 


10. 2E 
10. 4E 


10. 6E 


10.8  E 
10.7  E 


10. 8E 
10.9  E 


10.9  E 


10.9  E 
10.8  E 


11 


7~)     7  I.  V   1  cy     JO  1  1 


1   E 


.4N 


13.6  N 


18.7  N 


22.9  N 


28. 2N 
3L4N 


32.8  N 
34^6  N 


37.2  N 
38'2'n 


39.2  N 


41.2  N 


42.9  N 


44.3  N 
47;6'n 


c.g.s. 


,347 


.348 


,341 


.337 


.334 


.324 


.321 


,312 
^305 


,301 
^297 


292 
^289 


.285 


.280 


,276 


275 
268 


8,4E 


8.1  E 


8.2  E 
8.2E 


8.1  E 
8.0E 


8.2E 
8.2E 


8.0E 
8.0E 


8.2E 
8.1  E 


8.0;^ 

8.0E 


8.1  E 
8.1  E 
8.1  E 


8.0E 
8.0E 
8.0E 


8.1  E 
8.3E 


8.0E 

8.2E 


8.6E 
8.8E 
8.8E 


8.6E 
8.8E 
8.8E 


9.0E 
9.4E 


9.0E 
9.4E 


9.9E 


10. OE 


10. OE 
10.1  E 


10. OE 
10.2  E 


10. 2E 


10. 4E 


10. 3E 
10. 5E 


10.5  E 
10. 6E 


10. 6E 


10. 7E 


10. 6E 
10. 6E 


10. 7E 
10. 7E 


10. 6E 
10. 6E 


10. 7E 
10. 7E 


10. 6E 
10.6  E 


10. 7E 
10.7  E 


4.4  S 
'i.'6N 
'8J  N 
10.0  N 


14.4  N 
19.1  N 


23. 5N 


28. 8N 
31.6  N 


32.9  N 
34!8'n 


37. ON 
38^2  N 


10. 6E 
10. 6E 


10.7  E 
10  6E 


10. 6E 
10. 5E 


10. 6E 
10. 5E 


10. 7E 


10.7  E 
11    ->  vr 


39.2  N 
io^SN 

42. 3  N 
44.0  N 
46.5  N 


c.g.s. 
'348 


,346 

'342' 

,340 


.335 
^330 


.322 


.311 
.304 


299 
'295 


.290 
.288 


.285 
.'280 
.'277 
.275 
.27i 


0.2  E 


0.1  E 
0.2W 


o.nv 
o.nv 


0.2\V 
0.1  E 


0.5W 
0.1  E 
0.8E 


O.IW 
O.IW 


0.0 
0.2  E 
0.1  E 


0.4\\ 
0.2\V 


0.3\V 


0.4\V 

O.nv 


0.0 


O.IW 

o.nv 


0.0 


0.2  E 
0.1  E 


0.2E 
0.3E 


0.0 
0.2E 


0.1  E 
0.3  E 


0.3E 
0.3E 


0  4F 


0.5E 


0.2E 
0.0 


0.1  E 
0,1  E 


0.0 
0.2E 


0.4\V 
0.2  E 
0.9E 


0.0 
0.0 


0.0 
0.2  1- 
O.IE 


0.4\V 
0.2\\ 


0.4\V 


0.4\\ 
0 ,  2\V 


0.2\V 


0 .  3\\ 
0.2\V 


0  nv 


0.1  E 
0.0 


0.1  E 
0.2  E 


0  nv 

0,1  E 


0.0 
0.3  E 


0  3E 
0.3  E 


0  4  F 


0.6  S 


0.7  S 


1.4  S 


1.6  S 


0.8  S 


0.4  S 


0.6  S 


0.6  S 
0.2  S 


0.1  S 
0;2'S 


0.2N 


0,0 


0.4  N 


0.6  N 


0.3  N 
0^5 'n 


OCEAN  MAGNETIC  OBSERVATIONS 


19 


Date 

Lati- 
tude 

Long. 
East 
ofGr. 

Carnegie  Values 

Chart  Values 

Chart  Differences^ 

Decl'n 

Incl'n 

Hor. 
Int. 

Decl'n 

Incl'n 

H.In. 

Decl'n 

Incl'n 

H.  In.' 

Brit.  1  U.  S. 

U.S. 

U.S. 

Brit.      U.S. 

U.S. 

U.S. 

1921 
Jan.    29 

32  36  N 
32  36  X 
34  12  X 
34  35  X 
34  40  X 
iS  58  X 
36  35  X 

36  40  X 
38  23  X 
38  24  X 
38  36  X 
38  36  X 
38  43  X 
38  44  X 

38  56  X 

39  12  X 

39  14  X 

40  01  X 
40  02  X 
40  01  X 
39  56  X 

39  54  X 

40  05  X 
40  04  X 
39  58  X 
39  58  X 
39  54  X 
39  29  X 
39  24  X 
39  03  X 
39  04  X 
39  02  X 
38  39  X 
38  22  X 

37  57  X 
37  52  X 
37  43  X 
37  40  X 
37  30  X 
37  29  X 
37  32  X 
37  34  X 

37  45  X 

38  08  X 
38  44  X 
38  50  X 
38  40  X 
38  34  X 
38  34  X 
38  21  X 
38   14  X 
38   12  X 
37  57  X 

18S  56 
188  58 

188  57 

189  27 
189  32 
191  02 
191  41 
191  58 
194  31 

194  39 

195  05 

195  10 

196  08 

196  15 

197  23 

198  36 
198  42 
201   29 

201  37 

202  08 

204  38 

205  28 
209  03 
209   10 
211  05 
211    10 
211   58 

214  40 

215  17 
217  45 

217  58 

218  45 
221   58 

224  10 

225  24 

225  35 

226  08 
226  29 
226  50 

226  55 

227  16 
227  24 

229  23 

230  28 
230  53 
230  49 

230  50 

231  11 
231    19 
23?,   19 
234  00 
234  12 
236  04 

ll'6E 
11. 8E 

11  ^SE 
12. 3E 

12;5'e 
13. 6E 

U'OE 
13.6  E 

14.3  E 
14.5  E 

15  .3  E 
16. 5E 
16.1  E 

17'3E 

IS^OE 

17;8'e 
18. IE 

18;7'e 

IS^SE 
18. 9E 

18^2'e 
18.3  E 
18. 2E 
18. 7E 
18. OE 

i8'6'E 
18. 6E 

19;3E 

18;6'e 

18'8'e 
18. 8E 

n.s't 

18.3  E 

48.5  X 

c.g.s. 
.265 

48.1  X 

c.g.s. 
.268 

" 

° 

o 

0.4  N 

-3 

29 

11. 3E 
11. 6E 

11. 2E 
11. 4E 

0.3E 
0.2E 

0.4E 
0.4E 

30 

30 

50.4  X 

.261 

50.0  X 

.264 

0.4  X 

-3 

30 

11.7  E 
12.2  E 

11. 7E 
12. 2E 

O.IE 
0.1  E 

0.1  E 
O.IE 

31 

31 

52.7  X 

.257 

53.0  X 

.259 

0.3  S 

2 

31 

12.7  E 
13. 7E 

12. 6E 
13. 6E 

0.2W 
0  IW 

O.IW 
0.0 

Feb.      1 

1 

55.2  X 

.251 

54.8  X 

.252 

0.4  X 

1 

2 

13.8  E 
13. 9E 

13. 8E 
13. 9E 

0.2E 
0.3W 

0.2  E 
0.3\V 

2 

2 

55.7  X 

.249 

55 . 3  X 

.251 

0.4  X 

_9 

2 

14.2  E 
14.5  E 

14. 3E 
14. 6E 

0.1  E 
0.0 

0.0 
O.IW 

3 

3 

56.0  X 

.251 

56.2  X 

.249 

0.2  S 

+  2 

3 

14.8  E 
15.7  E 
15. 8E 

15.0  E 
15. 8E 
15. 8E 

0.5E 
0.8E 
0.3E 

0.3E 
0.7  E 
0.3E 

4 

4 

4 

57.7  X 

.246 

57.6  X 

.246 

0.1  X 

0 

5 

16. 2E 

16. 4E 

I.IE 

0.9E 

5 

58.0  X 

.247 

58.0  X 

.247 

0.0 

0 

6 

17.5  E 

17. 4E 

0.5E 

0.6E 

6 

58.6  X 

.247 

59.2  N 

.246 

0.6  S 

+  1 

7 

17. 8E 
17. 9E 

17. 7E 
17. 8E 

0.0 
0.2E 

0.1  E 
0.3E 

7 

7 

59.0  X 

.247 

59. 4N 

.247 

0.4  S 

0 

8 

18. 4E 

18. 2E 

0.3E 

0.5E 

8 

59.1  X 

.248 

59. 8N 

.248 

0.7  S 

0 

9 

18. 5E 
18. 7E 

18. 5E 
18. 5E 

0.3E 
0.2E 

0.3E 
0.4E 

9 

9 

59.8  X 

59.9  X 
60. 6X 
59.8  X 

.249 
.250 
.249 
.254 

60.0  N 
60.2  N 
60.4  X 
60.2  X 

.250 
.252 
.252 
.254 

0.2  S 
0.3  S 
0.2  X 
0.4  S 

—  1 

10 

—  2 

11 

—  3 

12 

0 

12 

18. 9E 
18. 8E 
18. 6E 
18. 6E 
18. 6E 

18. 6E 
18. 6E 
18. 6E 
18. 5E 
18. 5E 

0.7W 
0.5W 
0.4\V 
O.IE 
0.6W 

0.4W 
0.3W 
0.4W 
0.2E 
0.5W 

13 

13 

14 

14 

14 

59.9  X 

.254 

60.2  N 

.256 

0.3  S 

—  2 

14 

18. 7E 
18. 8E 

18. 6E 
18. 8E 

O.IW 
0.2W 

0.0 
0.2W 

15 

15 

60.8  N 

.252 

61.1  N 

.252 

0.3  S 

0 

16 

19.3  E 

19.2  E 

0.0 

O.IE 

16 

61.8  X 

.246 

61.8  X 

.250 

0.0 

-4 

17 

19. 2E 

19.1  E 

0.6W 

0.5W 

17 

61.3  X 

.252 

61.6  X 

.250 

0.3  S 

4-2 

17 

19.2  E 
19.1  E 

19.1  E 
9.0E 

0.4VV 
0.3W 

0.3W 
0.2W 

18 

18 

61.8  X 

.250 

61. 8N 

.250 

0.0 

0 

18 

19.0  E 
18.7  E 

18. 9E 
18. 6E 

0.5\V 
0.4\V 

0.4W 
0.3W 

19 

20  '  J-   P.   A  ULT  [Vol.  XXVI.  Nos.  1  and  2] 

Notes  on  the  Trip  from  Papeete,  Tahiti,  to  Fanning  Island 

AND  San  Francisco. 

We  left  Papeete  Harbor  at  2  P.  M.,  January  2,  1921,  in  the 
midst  of  a  heavy  tropical  rain  squall.  The  engine  operated  well 
and  we  were  soon  out  beyond  the  reef  where  we  could  set  sail. 

Owing  to  the  prediction  of  the  pilot  charts  that  the  trade  wind 
would  be  more  northerly  than  easterly,  there  was  some  doubt  that 
we  would  be  able  to  make  Fanning  Island.  The  course  was  there- 
fore kept  well  up  to  the  wind  in  order  to  get  to  the  cast  as  much 
as  possible.  On  the  night  of  January  6  we  passed  near  Flint  Island. 
During  the  afternoon  and  night  until  we  had  passed  the  island, 
the  wind  shifted  from  E.  by  N.  to  N.  by  E.,  gradually  heading  the 
vessel  more  toward  the  island  as  our  distance  ofT  decreased.  This 
influence  of  the  land,  no  matter  how  small  in  extent,  over  the  pre- 
vailing wind,  has  often  been  noticed,  and  it  is  alv/ays  advisable 
to  keep  off  the  land  while  passing,  especially  if  intending  to  pass 
to  windward  and  at  night. 

January  12  we  passed  the  latitude  of  Christmas  Island,  but 
kept  well  to  the  eastward  in  order  to  insure  making  Fanning 
Island.  Fortunately  the  wind  held  more  from  the  east  than  from 
the  north  during  the  entire  run  from  Papeete,  so  that  we  sighted 
Fanning  Island  at  10  ^  00"'  on  January  14  from  a  good  bearing, 
after  being  hove  to  60  miles  east  of  the  island  during  the  previous 
night.  We  arrived  off  Whaler's  Anchorage  and  the  cable  station 
at  1  >>  25'",  and  after  tacking  back  and  forth  for  2^4  hours,  during 
which  time  cablegrams  were  despatched,  we  took  our  departure 
for  San  Francisco. 

The  Pacific  Cable  Board  has  a  station  at  Fanning  Island  on 
the  line  from  Vancouver  to  Australia.  About  30  men  are  on  the 
station,  some  having  their  families  with  them.  Electric  lights,  a 
cold  storage  plant,  a  tennis  court,  and  several  new  quarters  are 
among  some  of  the  improvements  noted  since  the  Galilee  called 
in  1905  and  again  in  1906.  The  mooring  buoy  at  Whaler's  Anchor- 
age has  disappeared,  but  is  to  be  replaced  soon.  Owing  to  the 
necessity  of  sailing  that  evening,  we  could  not  establish  a  magnetic 
station  ashore.  The  old  Galilee  station  is  no  longer  a\ailable, 
owing  to  the  extension  of  iniildings  and  electric  wiring. 

As  the  vessel  was  now  leaking  more  than  usual,  it  wiis  con- 
sidered advisable  to  proceed  to  San  Francisco  and  dock  for  exam- 
ination. The  course  was  kept  somewhat  eastward  of  the  one 
planned,  so  that  we  passed  through  the  Western  Hawaiian  Islands 
at  Laysan  Island  instead  of  beyond  the  Midway  Islands.  From 
Fanning  Island  to  Laysan  there  was  no  calm  belt  and  no  e\idence 
of  a  proper  northeast  trade  wind.  The  easterly  wind  l)lowing  at 
Fanning  Island  continued  after  passing  Laysan  Island,  olten 
blowing  from  south  of  east.  This  cr-uise  has  been  remarkaljle  for 
a  number  of  such  failures  or  changes  in  the  expected  trade  wind. 

Laysan  Island  was  passed  at  a  distance  of  one  mile  on  January 
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25.  W  hen  first  sighted  it  appeared  as  a  streak  of  white  on  the  hori- 
zon, and  the  color  of  the  sand  blended  so  well  with  the  color  of  the 
sky  and  cloud  Ijackground  that  it  could  not  have  been  seen  at  night 
at  a  distance  greater  than  about  one-half  mile,  the  limit  of  audi- 
bility of  the  surf  on  the  beach.  The  island  is  about  two  miles  long 
north  and  south  by  one  mile  wide,  and  the  sand  is  heaped  up  to  a 
ridge  50  feet  high  in  places.  The  four  buildings  are  boarded  up, 
indicating  the  absence  of  human  beings.  Many  birds  were  walking 
about  on  the  sand  hills.  Except  the  two  large  cocoanut  trees  and 
one  small  bushy  tree  near  the  building,  no  vegetation  was  visible. 

The  position  of  the  landing  place  near  the  group  of  buildings, 
from  our  observations,  is  25°  46'. 1  N.,  171°  42'. 7  W.  This  posi- 
tion depends  upon  a  latitude  observation  on  Venus  simultaneous 
with  a  longitude  observation  on  the  Sun  in  the  'afternoon  2  3^ 
hours  before  passing  the  island,  and  upon  latitude  and  longitude 
observations  from  stars  three  hours  later,  taken  10  minutes  after 
the  last  bearing  was  obtained  on  the  island,  at  a  distance  of  about 
1^  miles.  There  was  no  evidence  of  northerly  or  southerly  cur- 
rent, and  only  0.1  knot  per  hour  westerly  set  between  the  two 
observed  positions.  The  longitude  has  been  corrected  for  chrono- 
meter error  determined  after  arrival  at  San  Francisco.  The  posi- 
tion as  given  on  the  chart  and  in  the  pilot  books  is  25°  42'. 2  N., 
171°  44'. 1  W.,  for  the  lighthouse,  w^hich  should  be  near  the  landing 
place  as  above.  This  shows  the  island  to  be  3.9  miles  north  of  its 
charted  position  and  1.4  miles  east. 

Soundings  of  8  and  8>2  fathoms  were  obtained  one  mile  off  the 
southern  end  of  the  island,  w^here,  also,  numerous  dark  patches 
were  noticed  which  seemed  to  indicate  shallower  water. 

Although  it  had  now  become  necessary  to  pump  out  the  ship 
every  one  to  two  hours,  using  the  rotary  pump  operated  by  the 
small  engine  during  the  daytime,  yet  it  was  decided  to  proceed  up 
to  41°  north  latitude  if  possible  and  thence  direct  to  San  Fran- 
cisco, in  an  attempt  to  cover  the  region  as  outlined  in  the  original 
plans,  as  the  vessel  would  not  be  in  these  latitudes  soon  again. 
We  anticipated  rough  seas,  due  to  the  winter  gales  of  the  North 
Pacific,  and  a  consequent  increase  in  the  leaking.  However,  i,t 
seemed  that  we  would  be  able  to  control  the  leak  unless  some- 
thing unforeseen  should  develop,  so  we  decided  to  take  the  risk 
and  proceed  northw-ard. 

On  January  28,  in  latitude  22°  N.,  a  northwesterly  gale  began 
which  continued  for  four  days  and  prevented  us  from  making  the 
desired  intersection  at  41°  N.  On  February  1  course  was  therefore 
changed  to  proceed  to  San  Francisco  along  the  39th  parallel. 
From  February  1  to  February  11  southerly  winds  and  gales  con- 
tinued wdthout  interruption.  Owing  to  rough  seas  and  consequent 
increase  in  leaking,  it  was  necessary  to  proceed  under  greatly 
reduced  sail.  We  were  within  600  miles  of  San  Francisco  before 
these  southerly  winds  changed.  Had  we  been  bound  for  Honolulu 
we  would  have  been  delayed  many  weeks. 
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On  February  11  the  wind  changed  to  N.  E.,  and  began  to  blow 
a  gale,  and  for  60  hours  the  \essel  was  hove  to  in  a  moderate  to 
fresh  gale,  with  heavy  seas.  Violent  rain  and  sleet  squalls  were 
frequent  during  this  time,  and  for  two  days  fog  and  clouds  pre- 
vented astronomical  and  declination  observations.  The  wind 
gradually  changed  from  N.  E.  to  N.  W.,  and  moderated  on  Feb- 
ruary 14.  On  the  evening  of  February  14  the  w'ind  shifted  to  the 
southeast  and  another  gale  began,  which  continued  to  February 
16,  shifting  through  east  to  north  and  northwest,  and  moderating 
to  a  calm  on  February  17.  While  the  vessel  was  hove  to  on  Feb- 
ruary 15  with  only  main  staysail  and  foretopmast  staysail  set,  a 
squall  of  hurricane  force  struck  the  vessel,  tearing  these  two  sails 
completely  to  ribbons  in  one  blast.  Within  ten  minutes  the  wind 
had  practically  died  out,  but  after  30  minutes  It  sprang  up  again 
from  the  southeast  and  blew  a  gale  again.  The  seas  during  these 
gales  became  very  heavy  and  confused,  due  to  the  rapid  changes  of 
the  direction  of  the  wind.  Fine  weather  prevailed  February  17, 
18,  and  19.  The  good  breeze  from  the  S.  W.  on  February  16  died 
out  on  F"ebruary  19,  so  that  it  was  neceesary  to  proceed  under 
power  the  last  15  hours.  A  good  landfall  was  made  at  1  P.  M., 
February  19,  by  bearing  on  Point  Reyes  and  the  Farallon  Islands, 
and  the  anchorage  in  San  Francisco  Bay  was  reached  at  10  P.  M., 
the  same  e\"ening. 

Declination  observations  were  made  daily  with  the  exception 
of  two  days.  Unusually  good  weather  was  found  near  the  Cali- 
fornia coast,  so  that  declinations  were  obtained  where  pre\ious 
cruises  had  failed  to  get  them  on  account  of  clouds  and  fog. 

We  arrixed  at  San  Francisco,  after  47.3  days  at  sea.  The 
average  daily  run  was   128.9  miles  for  ihe  (),099  miles  tra\ersed. 


III. — 

San  Francisco  to  Honolulu. 

Date 

Lati- 
tude 

Long. 
East 
of  Gr. 

Carnegie  Values 

Chart  Values 

Chart  Differences* 

Decl'n 

Incl'n 

Hor. 
Int. 

Decl'n 

Incl'n 

H.In. 

Decl'n 

Incl'n 
U.S. 

H.  In.» 

Brit.      U.  S. 

U.S. 

U.S. 

Brit. 

U.S. 

U.S. 

1921 
Mar.  29 

o         t 

36  29  N 
35  52  \ 
35  46  N 
35  40  N 
34  04  N 
33  19  X 
33  09  X 
32  16  X 
31  46  X 
31  37  \ 
30  20  X 
29  17  X 
28  52  X 
28  43  X 

o           / 

235  48 
235  12 
235  08 
235  02 
233  25 
232  33 
232  21 
231    12 
230  33 

17. 6E 

i7'2E 
17  2  E 
16. 6E 

i6  3E 
16.1  E 

0 

C.g.S. 

o 

18.1  E 

o 

17. 8E 

o 

C.g.S. 

0.5\V 

o 

0.2\V 

0 

29 

59.8  N 

.258 

60.3  N 

.260 

OS  S 

-2 

29 

17. 9E 
17. 9E 
17. 2E 

17.5  E 
17. 4E 
16. 8E 

0.7\V 
0.7VV 
0.6VV 

0.3VV 
0.2\V 
0.2W 

29 

30 

30 

57. IN 

.268 

57.0  N 

.269 

O.IN 

-1 

30 

16. 8E 
16.5  E 

16.5  E 
16. 3E 

6.5\V    0  2\V 
0  4\Vi  0  2\V 

31 

31 

54. 8N 

.276 

55 . 2  N 



53  4  N 

.276 

0.4  S 

0 

31 

23i)  2\\\b A  E 

16. 6e 

15. 9E 

0.1  E 

0  2E 

Apr.     1 

228  41 
227  26 
226  57 
226  47 

14.9  E 

53  ON 

.280 

0.4  S 

-3 

2 

15. OE 

14. 9E 

O.IW 

0.0 

2 

51.3  N 

.284 

51  6  N 

.286 

0.3  S 

-2 

2 

ii  9E 

14  7  E 

0  4\V 

0.2\V 
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Date 

Lati- 
tude 

Long. 
East 
of  Gr. 

Carnegie  Values 

Chart  Values 

Chart  Uifferences- 

Decl'n  Incl'n 

Hor. 
Int. 

Decl'n 

Incl'n 
U.S. 

H.  In. 
U.S. 

Decl'n 

Incl'n  H.  In.' 

Brit. 

j  U.S. 

Brit.      U.  S. 

u.  s.  i  U.  S. 

1921 
^pr.     3 

27  32  X 
26  57  N 
26  51  N 
26  20  \ 
26  05  \ 
26  00  X 
25  39  N 
25  32  X 
25  30  X 
25  18  X 
25  14  X 
25  13  X 
25  09  X 
24  56  X 
24  49  X 
23  53  X 
23  36  X 
23  31  X 
23  07  X 
22  56  X 
22  52  X 
22  22  X 
22   12  X 
22  09  X 
21  52X\ 
21  40  X 
21  34  X 

225  19 
224  18 
224  00 
221  55 
220  51 
220  29 
218  44 
218  03 
217  52 
216  31 
215  57 
215  49 
214  59 
214  20 
214  04 
212   17 
211  35 
211   17 
209  50 
209  13 
209  02 
207  29 
206  48 
206  32 
204  52 
203  58 
203  37 

14. OE 

13'3'E 
13. 6E 

i3'0E 
13. 3E 

i2;9E 
12. 8E 

i2;7'E 
12. 3E 

12'4'E 
12.1  E 

1  r  7  E 
11. 5E 

n.e'E 

11. 5E 

ii;3'E 

11.1  E 
io.'8'E 

c.g.s. 

0 
14. 5E 

0 

14. 3E 

0 

c.g.s. 

0.5W 

0.3W 

0 

3 

48. 4X 

.289 

49. 2N 

.289 

0.8  S 

"6' 

3 

14.1  E 
13. 9E 

14. OE 

13. 7E 

0.8W 
0.3W 

0.7W 
O.IW 

4 

4 

47 . 1  N 

.289 

47. 8N 

.289 

0.7  S 

"6" 

4 

13.7  E 
13. 4E 

13.5  E 
13. 2E 

0.7VV 
O.IW 

0.5W 
0.1  E 

5 

5 

46.6  X 

.289 

46.6  X 

.289 

0.6  S 

0 

:> 

13. 3E 
13.2  E 

13. OE 
12. 9E 

0.4W 
0.4VV 

O.IW 
O.IW 

6 

6 

45. 2  N 

.287 

46. ON 

.288 

0.8  S 

-1 

6 

13.1  E 
13. OE 

12. 8E 
12. 7E 

0.4W 
0.7W 

O.IW 
0.4W 

7 

/ 

44.5  X 

.288 

45.3  N 

.288 

0.8  S 

0 

/ 

12. 9E 
12. 3E 

12. 5E 
12.1  E 

0.5W 
0.2W 

O.IW 
0.0 

8 

8 

42 . 7  X 

.290 

43. 4N 

.290 

0.7  S 

0 

8 

12.1  E 
11. 9E 

12. OE 
11. 7E 

0.4W 
0.4W 

0.3W 
0.2W 

9 

9 

41 . 7  X 

.289 

42.2  N 

.290 

0.5  S 

1 

9 

11.8  E 
11. 4E 

11. 5E 
11. 3E 

0.2W 
0.1  E 

0.1  E 
0.2E 

10 

10 

40.5  X 

.289  ; 

41.  IN 

.291 

0.6  S 

2 

10 

11. 3E 
11. OE 

11,1  E 
10. 9E 

0.0 
O.IE 

0.2E 
0.2E 

11 

11 

39. OX 

.292 

40.  IN 

.292 

1.1  S 

0 

11 

10. 9E 

10. 8E 

O.IW 

0.0 

Notes  on  the  Trip  from  Sax  Francisco  to  Honolulu. 

We  left  the  dock  at  4  P.  M.,  and  were  towed  out  to  the  light- 
ship, where  we  dismissed  the  pilot  and  tugboat.  The  wind  was 
favorable,  enabling  us  to  set  our  course  direct  for  Honolulu. 

During  the  entire  passage  observing  conditions  were  good  and 
perrnitted  declination  observations  twice  every  day  except  on 
April  1,  when  cloudy  weather  prevented  them.  Winds  were  mod- 
erate to  fresh  and  favorable  all  the  way  to  Honolulu,  and  a  follow- 
ing sea  made  the  Carnegie  roll  heavily  at  times.  On. April  7  the 
wind  died  out,  and  a  very  heaxy  swell  came  from  the  north,  in- 
dicating a  storm  of  considerable  force  in  that  direction.  The 
engine  was  operated  until  the  breeze  was  picked  up  again  in  the 
course  of  three  hours,  more  or  less. 

As  we  approached  the  Hawaiian  Islands  the  wind  became  quite 
strong  and  a  very  heavy  current  from  the  south  was  found  in 
Kaiwi  Channel,  between  Molokai  and  Oahu  Islands.  We  arrived 
off   Honolulu   Harbor  early  on   April    12,   and   were  alongside   the 
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dock  at  8*^  40'".     The  distance  traversed  was  2,222  miles,  giving 
an  average  of  151  miles  per  day  for  the  14.7  days  of  the  trip. 

The  marked  change  and  improvement  in  the  methods,  instru- 
ments, and  equipment  provided  for  ocean  observations  since  the 
cruise  of  the  Galilee  sixteen  years  ago  is  extremely  gratifying. 
The  Galilee  made  the  passage  from  San  Diego  to  Honolulu  in  12 
days  during  the  year  1905,  covering  much  the  same  region  as  the 
Carnegie  covered  this  time.  Thirteen  stations  were  occupied  then 
as  contrasted  to  40  on  the  Carnegie's  trip. 
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MAGNETIC    DISTURBANCES   OF    DECEMBER   4-5,    1920, 
AT  CHELTENHAM  OBSERVATORY,  MARYLAND.^ 

A  magnetic  disturbance  with  a  sudden  beginning  in  H,  and  a 
fairly  well  pronounced  beginning  in  D  and  Z,  began  December  4, 
1920,  at  O''  OS"",  75th  meridian  standard  time,  hence  on  December 
4,  at  S**  03'",  G.  M.  T.  H  increased  from  the  beginning  of  the  dis- 
turbance until  O''  30'»,  the  maximum  for  the  day,  and  returned  to 
its  original  value  at  about  1'^  54'",  the  increase  being  547.  D  and 
Z  were  only  slightly  disturbed. 

The  period  of  the  largest  disturbances  extended  from  18  >"  to 
19''.  there  being  a  decrease  in  D  of  some  26',  a  decrease  of  7O7 
in  H,  and  an  increase  of  I77  in  Z.  The  minimum  in  D  occurred  at 
18  >>  22"';  the  minimum  in  H  at  18''  18"';  and  the  maximum  in  Z 
at  18''  18"'.  //  was  again  rather  violently  disturbed  from  14'' 
on  December  5,  to  17''  30"^,  with  a  range  of  some  6O7.  Except 
during  the  intervals  stated,  the  curves  were  only  slightly  disturbed. 
The  magnetic  disturbance  appears  to  have  ended  at  about  24'' 
on  December  5th. 

Georgk  Hartni£LL,  Observer-iu-Charge. 


MAGX1:T1C    DISTl'RRAXCES    DECEMBER    4-6,    1920,    AT 
WATH  I:R(  )( )  ( )BSER\AT(  )RV. 

Captain  Edward  Kidson,  at  the  time  observ-er-in-charge  at  the 
W'athcroo  Observatory,  reported  that  a  magnetic  disturbance 
commenced  suddenly  at  13''  03"'  (120th  east  meridian  standard 
time)  on  I  )eceml)er  4,  1920,  and  continued  as  a  slight  storm  through- 
out December  5  and  6;  nio\ements  were  ne\er  \ery  large,  but  were 
rapid  during  tlu'  morning  of  December  6. 

'Communicated  by  Col.  E.  Lester  Jones,  Director  L'nited  States  Coast  and  Geodetic  Survey. 
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IMPERIAL  MARIXK  OBSERVATORY  AT  KOBE,  JAPAN. 

I  have  great  pleasure  in  stating  that  this  new  government 
observatory  was  opened  on  August  26,  1920.  The  principal  aims 
of  the  obser\ator>-  are  to  make  researches  on  meteorological, 
oceanographic.  and  magnetic  subjects.  We  have  to  repair  and  test 
marine  chronometers,  magnetic  com.passes,  and  other  measuring 
instruments  for  navigation.  Fi  nds  for  the  I  uldings  have  been  con- 
tributed by  ^•arious  shipowners  at  Kobe. 

As  far  as  magnetic  work  is  concerned,  we  make  a  complete  set 
of  absolute  measurements  of  the  three  elements  by  means  of  a 
magnetometer  of  the  Indian  survey  pattern  and  an  inclinatorium  in 
the  middle  of  each  month.  We  further  have  a  project  to  build  a 
variation-house  in  the  neighborhood  of  this  port. 

We  hope  to  be  able  to  publish  Archives  and  Bulletins  in  Euro- 
pean languages.  We  should  be  very  much  obliged  if  interested 
institutions  will  exchange  publications  with  us. 

T.  OKL\DA,  Director. 


1 .  OKa 
Marine  Observatory,  Kobe,  Japan,  Oct.  15,  1920. 


THE  MAGNETIC  STORM  OF  MAY  13-16,  1921.  AT 
CHELTENHAM  OBSERVATORY,  MARYLAND.^ 

A  magnetic  storm  of  great  intensity  and  unusual  character 
was  recorded  by  the  instruments  of  the  Coast  Survey  Magnetic 
Observatory  at  Cheltenham,  Maryland,  from  May  13  to  May  16, 
1921.     The  times  belou'  refer  to  75th  meridian  standard  time. 

The  storm  began  at  S^  09'»  A.  M.,  May  13,  and  after  a  pre- 
liminary phase,  assumed  great  intensity  from  2  o'clock  P.  M., 
until  3  A.  M.,  on  May  14.  After  a  period  of  comparative  quiet, 
another  phase  of  still  greater  intensity  began  at  5  P.  M.,  May  14, 
and  continued  until  4  A.  M.,  May  15.'  This  phase  of  intensity  was 
followed  by  a  period  of  comparative  quiet  until  a  third  phase  of 
equal  intensitv  commenced  at  5  P.  M..  Mav  15.  and  lasted  until 
7  A.  M.,  May  16. 

During  the  phases  of  greatest  intensity  the  variations  in  the 
magnetic  elements  were  so  rapid,  or  so  large  at  times,  as  to  leave 
no  trace  on  the  photographic  paper.  It  is  estimated  that  there 
were  variations  in  declination  of  2  degrees;  of  8OO7  in  horizontal 
intensity;  of  IOOO7  in  vertical  intensity. 

George  Hartxell,  Observer-in-Charge. 

'Communicated  by  the  Director  of  the  United  States  Coast  and  Geodetic  Survey. 
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THE   MAGNETIC   STORM    OF    MAY    13-16,    1921,    AT   ()B- 
SERVATORIO   DEL  EBRO,  TORTOSA,  SPAIN. 

On  May  13,  1921,  at  13''  10"',  there  began  the  most  violent 
magnetic  storm  registered  at  this  observatory  since  1910.  The  first 
movement  was  a  very  sudden  one:  towards  east  in  declination,  and  a 
decrease  in  the  horizontal  intensity,  followed  by  a  rapid  change  to 
an  increase.  The  oscillation  of  the  \ertical  component  was  so 
rapid  that  its  initial  direction  could  not  be  determined. 

At  19''  18'"  of  May  13  there  occurred  again  sudden  jumps  in 
the  three  elements;  there  next  followed  very  rapid  oscillations, 
generally  of  a  short  amplitude,  until  the  next  day,  May  14,  at 
16'"  15"',  when  the  general  character  of  the  former  perturbation  was 
reproduced  with  a  maximum  intensity  between  22'"  15'",  May  14, 
and  8'',  May  15,  during  which  time  the  curves  left  the  photo- 
graphic sheet  several  times ;  the  //-component  particularly  remained 
off  the  sheet  from  3''  to  US  May  15,  and  S^  to  10^  May  16. 

The  extreme  ranges  recorded  on  the  sheets  were:  Declination, 
47',  with  a  deviation  of  23'  W.  and  24'  E.  from  the  mean  value 
11°  45'. 5  W. ;  horizontal  intensity,  4247,  with  a  deviation  of  I9O7 
above  and  2347  below  the  mean  value  of  the  curve,  233157;  vertical 
intensity,  4347,  with  a  deviation  of  1477  above  and  2877  below  the 
normal  value,  367687.  If  we  take  account  of  the  possible  deflec- 
tion which  passed  beyond  the  sheet,  the  extreme  range  must  have 
been  for  the  horizontal  intensity  greater  than  6OO7. 

One  of  the  characteristic  features  of  this  storm  was  the  very 
marked  general  deviation  of  the  horizontal-intensity  cur\e  toward 
the  negative  side,  hence  showing  a  general  decrease  in  H,  while 
the  oscillations  in  declination  were  around  the  normal  value. 

There  was  also,  as  on  March  22,  1920,  a  big  sun-spot  covering 
1,444  millionths  of  the  visible  hemisphere;  but  this  time  the  mag- 
netic storm  began  21  }4  hours  before  the  spot  crossed  the  central 
meridian,  while  in  1920  it  arrived  12  hours  after,  a  difference 
which  may  be  due  to  the  different  angle  and  possibly  to  the  differ- 
ent velocity  by  which  the  electric  particles  are  projected  away 
from  the  Sun. 

Father  Luis  Rodks,  S.  J.,  Director. 


THE  MAGNETIC  STORM   OF  MAY   13-17,    1<)21.   XT 
WATHEROO  OBSERVATORY,   AUSTRALIA. 

A  magnetic  disturbance  of  exceptional  severity  has  been  re- 
corded by  Watheroo  magnetographs  during  May  13-17,  1921. 
The  time  used  throughout  is  120th  east  meridian  standard  time, 
designating  midnight  as  ()>'  and  noon.  12''.  The  disturbance  began 
at  21 ''  09'"  on  May  13,  the  comnK'ncenient  in  all  three  elements 
being   very  sudden.     The   //   (horizontal    intensity)    increased   by 
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about  7O7  and  the  Z  (\ertical  intensity)  decreased  by  about  277 
almost  immediatch'.  The  mo\enients  between  May  13,  21''  and 
May  14,  3''  were  not  large.  On  May  14  at  3'>  17'"  another  very 
sudden  impulse  was  given  to  all  three  magnets.  All  through  the 
remainder  of  May  14  the  moxements  in  all  elements  were  rapid 
and  of  large  amplitude,  diminishing  somewhat  after  May  LS  0''. 
At  6''  15'",  May  15,  the  magnets  were  again  suddenly  disturbed, 
the  H  increasing  by  4O7,  the  Z  decreasing  by  about  757,  and  the 
w^esterly  declination  decreasing  by  about  12  minutes,  almost 
instantaneously.  From  this  time  until  noon  on  May  17  large 
variations  in  all  three  elements  were  combined  with  nearly  con- 
tinuous short-period  fluctuations.  At  about  7''  30'"  on  May  15 
the  i^-spot  went  off  the  lower  edge  of  the  sheet,  and  at  10''  the 
magnet  was  found  hard  against  the  stops.  On  being  deflected  by 
a  small  magnet  it  at  once  returned  to  the  stops  and  the  spot  could 
only  be  brought  on  to  the  sheet  by  moving  the  torsion  head.  The 
torsion  head  reading  w'as  altered  to  its  original  reading  at  19 '' 
24"'  on  the  same  day.  The  Z-spot  was  off  the  lower  edge  of  the 
sheet  at  intervals  between  8''  and  15''  on  May  15.  At  16''  on  May 
16,  the  magnet  was  again  found  hard  against  the  stops  and  was 
brought  back  on  to  the  sheet  by  moving  the  torsion  head  through 
1.6  divisions.  It  has  remained  at  that  reading  since  and  on  May 
18  scale-value  determinations  were  made.  The  movements  be- 
tween 16''  and  24''  on  May  16  were  of  different  type  from  those 
previously  prevalent,  the  short-period  fluctuations  being  absent. 
It  w-as  during  this  time  that  the  aurora  was  seen  here  (see  notes 
below).  After  May  17  0'',  the  movements  were  of  moderately 
short  period,  but  of  no  great  range.  After  16''  on  May  17  normal 
conditions  were  gradually  resumed. 

The  following  letter  relating  to  earth-currents,  received  at  the 
Observatory,  will  be  of  interest: 

With  further  reference  to  the  matter  of  foreign  currents  show- 
ing on  this  Department's  telegraph  lines,  I  have  to  advise  that  on 
Saturday.  May  14,  at  9  A.  M.,  foreign  currents  were  showing  on 
various  telegraph  lines  throughout  the  State,  at  that  time  being 
approximately  6  milliamperes,  alternating.  Adelaide  advised  sim- 
ilar currents,  up  to  15  milliamperes,  w^re  showing  on  South  Aus- 
tralian telegraph  lines.  At  about  10''  30"'  A.  M.,  currents  had 
decreased  to  about  3  milliamperes  on  the  West  Australian  lines, 
and  were  clear  of  the  South  Australian  lines.  At  11''  30'"  A.  M., 
currents  had  increased  to  50  milliamperes  alternating,  with  a 
periodicity  of  approximately  20  seconds.  At  4''  10'»  P.  M.,  cur- 
rents had  disappeared. 

On  Sunday,  May  15,  at  10'"  A.  M.,  earth-currents  were  again 
in  evidence,  and  gave  trouble  up  till  4''  20-"  P.  M.,  when  they  de- 
creased to  a  negligible  value.  On  Monday,  May  16,  at  6''  A.  M., 
the  currents  were  again  showing,  and  at  9''  A.  M.,  gave  readings 
from  zero  to  35  milliamperes  negative  only.     At  10''    15'"  A.  M., 
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they  were  varying  from  zero  up  to  45  milliamperes  alternating, 
and  at  12  •>  30'"  P.  M.  had  dropped  to  about  2  miUiamperes  alter- 
nating on  West  Australian  lines.  Adelaide,  however,  reported  up 
to  100  milliamperes  alternating  on  many  of  his  lines.  At  4^^  30™ 
P.  M.,  foreign  currents  were  gradually  disappearing.  At  9*^  A.  M., 
May  17,  the  currents  were  still  showing,  but  were  very  weak. 

Shortly  before  Si^  P.  M.  (on  May  16)  the  Anrora-AustraUs  was 
visible  here  for  about  twenty  minutes.  J-  J-  Lloyd, 

General  Post  Office,  Depiitv  Postmaster  General. 

Perth,  May  17,  1921. 

The  following  observations  of  the  Aiirora-Australis  were  made 
by  Mr.  Shearer  and  myself  on  the  evening  of  May  16.  The  condi- 
tions were  not  ideal,  bright  moonlight  and  some  clouds  marring 
what  would  otherwise  have  been  a  fine  display. 

h  III 

19  55  Narrow  bright  white  streamer  extending  about  12°  above 
horizon.  Due  south.  Disappeared  rapidly.  Xo  motion 
detected. 

19  58       Bright   red   curtain   visible   in   south-southeast,   about    7° 

wide,  moving  slowly  westward.    Disappeared  graduallv  at 
20''0"\ 

20  01       Two  narrow  parallel  white  streamers,  the  ends  disappear- 

ing into  bank  of  alto-cumulus  about  12°  above  horizon. 

Very  bright.     Lasted  less  than  one  minute. 
20  02       Diftuse    glow    from    south-southeast    to    south-b>-wcst. 

Streamers    forming    in    south-southeast,    motion    towards 

south,    length    about    12°.      Not    so   distinct   as    previous 

streamers. 
20  04       Streamers  faded  into  general  whitish  glow. 
20  06       Red  patch  developing  in  southeast-by-east  and  in  south, 

extending  in  former  case  nearly  15°  above  horizon. 
20  07       Patches  disappeared. 

Wilfred  C.  P.\rkinson,  Obscrver-in-Charge. 


THE   ALAGXETIC   STORM    OF   MAY    13-17,    1921,   XT 
ALIBAG  OBSERVATORY,   IXDL\. 

.4  violent  magnetic  storm  began  on  May  13,  1921,  and  lasted  for 
about  90  hours.  Magnetic  disturbances  are  classified  at  the  Bombay 
(Alibag)  Observatory  into  four  groups:  Small,  Moderate,  Great, 
and  Very  Great.  The  present  disturbance  is  one  of  the  greatest 
that  have  been  recorded  during  the  past  50  years.  In  point  of 
duration  there  were  only  two  disturbances,  in  July.  1883.  and 
May,  1891,  respectiveh",  which  lasted  for  a  longer  time  than  the 
present  one;  Init  ihey  were  not  so  violent  in  character.  The  one 
in  July,  1883,  lasted  for  about  98  hours,  and  the  other  lasted  for 
92  hours.      In   point  f)f  intensity,  of  the  several  magnetic  storms 
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recorded  at  this  Observatory  only  three,  which  occurred  on 
October  31,  1903,  September' 25,  1909,  and  August  11-12,  1919, 
respectively,  seem  to  be  comparable  with  the  present  storm. 

The  absolute  value  of  horizontal  intensity  [H)  at  Alibag  (Bom- 
bay) is  about  369207,  mean  declination  {D)  is  20'Kast,and  the  ver- 
tical intensity  (Z)  is  171507.  --^^l  times  given  are  local  mean  times; 
the  geographic  coordinates  for  Alibag  are  18°  38'  N.,  72°  52',  or 
4''51"'.5E. 

May  12  was  a  day  of  moderate  disturbance.  A  small  rise  in  force^ 
was  noticed  at  1 1 '',  the  force  steadily  rising  for  about  two  hours 
with  very  small  oscillations.  At  13  >>  05'"  there  was  again  a  second 
small  rise  and  then  the  force^  fell  gradually  by  about  1647  in  five 
hours.  The  conditions  thereafter  remained  practically  normal  for 
about  a  day. 

On  May  13,  however,  the  force^  rose  suddenly  at  18*'  02"'  by 
about  I3O7 — a  rise  so  characteristic  of  "sudden  commencements 
of  magnetic  storms"  that  it  may  be  taken  as  the  beginning  of  the 
great  storm.  The  force^  then  fell  more  or  less  steadily  till  May  14, 
0^.  From  that  time  for  about  three  hours  the  force^  underwent 
violent  fluctuations,  the  range  being  as  much  as  2077.  This  in- 
terval may  be  considered  to  be  the  most  disturbed  period  of  May 
13  and  14.  After  this  for  about  a  day  the  magnetogram  showed 
the  ordinary  variations  of  force^  in  a  magnetic  storm — more  or  less 
slow  rises  and  falls  with  minute  pulsations  superimposed. 

At  3''  06'"  on  May  15,  however,  the  force^  suddenly  rose  by 
about  23O7,  and  the  rise  was  so  large  and  so  rapid  that  one  would 
be  inclined  to  consider  that  there  were  really  two  storms,  one 
following  close  upon  the  other.  The  magnet  remained  rapidly 
swinging  and  the  force^  fell  rapidly  taking  the  spot  of  light  out 
of  the  margin  of  paper.  A  deflector  magnet  was  kept  to  secure 
the  curve  from  May  15,  8^  06-^%  to  May  16,  5''  04"\  but  still  the 
spot  remained  off  the  paper  between  May  15,  8*^  16"',  to  10''  41"'. 
During  this  interval  the  force  must  have  reached  its  minimum 
point.  The  most  disturbed  period  of  the  storm  seems  to  have  been 
from  May  15,  3''  to  May  15,  14 h.  This  interval  was  followed  by 
a  "labored  rise"  of  4OO7  in  17  hours,  attended  by  more  or  less  reg- 
ular oscillations.  But  again  at  9''  30"',  May  16,  a  steady  fall  be- 
gan. The  spot  of  light  went  oft'  the  paper  for  a  second  time  and  the 
deflector  magnet  was  put  up  at  14''  06'»,  May  16,  to  secure  the 
curve.  From  this  time,  however,  the  force  was  seen  to  recover;  and 
at  4''  26™,  May  17,  the  deflector  magnet  was  taken  away.  ^The 
disturbance  itself  seems  to  have  ended  at  about  12*',  May  17. 

The  total  range  in  horizontal  intensity  (H)  in  this  disturbance 
was  over  7OO7.  The  maximum  range  recorded  on  the  paper  was 
29'  of  arc  in  declination  (D),  and  about  1357  in  vertical  intensity 
(Z). 

T.  K.  Chinmavaxaxdam,  Director. 

Colaba,'May  27,  1921. 

'  Presumably  horizontal  intensity. — Ed. 
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THE  MAGNETIC  STORM   OF  MAY   13-16,    1921,  AT  APIA 
OBSERVATORY,  SAMOA. 

In  the  following  Greenwich  Civil  Mean  Time  is  used.  The 
geographic  coordinates  of  the  Samoa  Obser\atory  are:  13°  48'  S.; 
171°  46',  or  11  >>  27  "".1  W.  The  motions  of  north  end  of  the  magnet 
to  east  and  downward  are  reckoned  positive.  D  =  V  corresponds 
to  lOy.  The  approximate  mean  values  of  the  magnetic  elements  during 
five  quiet  days  preceding  the  storms  are:  H  =  0.35263;  D  = 
10°  12.5',  E;Z  =   -0.20380. 

Preliminary  Disturbance. — May  12,  6'',  gradual  increase  in  H 
begins;  S*"  13. "S,  sudden  commencement,  AH"  =  +2O7;  S""  14", 
maximum  in  H\  \2^,  minimum  in  H;  max.  —  min.  =  IOO7. 

First  Storm. — May  13,  13''  09'",  sudden  commencement,  l\H  = 
+  7O7,  AD  =  +1';  AZ  =  -2O7;  May  13.  13"  09'",  maximum  in 
H\  May  14,  5''  53'^,  minimum  in  H;  max.  —min.  =  2IO7. 

Second  and  Main  Storm. — May  14,  22*'  13"',  sudden  commence- 
ment of  the  principal  storm,  with  a  sine-curve  motion  in  H  and  Z 
of  about  two  hours'  duration.  Amplitude  in  H,  —  5O7,  in  Z,  + 
IOO7.  May  15,  O"*  15'",  beginning  of  the  fall  to  a  minimum  in  H\ 
at  this  time,  H  =  0.35220,  Z  =  -0.20350.  5''  30-.  min.  //  = 
0.34300.  4"  42™,  min.  Z  =  0.20270.  5''  30'"  -  5  >■  45-  sudden 
fall  in  Z,  AZ  =  —657.  5"  30"',  beginning  of  recovery.  16''  30"', 
change  of  velocity  in  recovery  and  beginning  of  a  comparatively 
quiet  period.  On  May  15,  between  max.  at  0  '■  15 "'  and  min.  at  5  ''  30", 
AH  =  92O7  and  A'Z  =  -757.  ; 

Third  Storm  {repetition  of  the  main  storm). — May  16,  1''  27", 
sudden  commencement,  AH  =  +2O7,  AZ  =  —  IO7.  10''  0" 
min.  H  =  0.35875.  13'',  beginning  of  a  quiet  period.  AH,  max. 
(2'") -min.  (10'')   =   I6O7.     AZ,  mm.  (2'')   -  max.  (7")   =    -6O7. 

Ranges,  May  13-16.— H.  max.,  13^  13''  9'",  //  =  0.35305;  min. 
15d  5''  30"',  H  =  0.34300;  AH  =  IOO57.  Z,  max.,  15d  4''  42-", 
Z  =    -0.20270,  min.,  15^»  10"  40'".  Z  =    -0.20427;  AZ  =    1577. 

On  May  15,  5K''-6'/^"  Greenwich  (6'4  P.  M.-7  P.  M.,  evening 
May  14  local  time)  a  display  of  the  Aurora  Australis  was  observed 
at  the  Observatory.  There  is  a  range  of  mountains  from  600-700 
meters  high  to  the  south  distant  about  10  km.,  and  above  this  the 
light  could  be  seen  in  the  form  of  a  segment  of  a  circle  and  reach- 
ing to  an  altitude  of  22  degrees,  determined  from  star  positions 
noted.  It  covered  probably  an  arc  of  about  25  degrees  along  the 
horizon,  and  the  center  was  apparently  close  to  the  magnetic 
meridian.  In  spite  of  the  moonlight  (first  quarter)  and  a  little 
twilight  as  well,  the  light  was  \cry  conspicuous  and  of  a  glowing 
red  color.  The  point  of  the  greatest  intensity  appeared  to  move 
from  E.  to  W.  at  about  6"  20'"  Greenwich  time,  and  traces  of 
a  brighter  yellow  colored  streamer  \yere  noticed  at  the  same  time. 
The  sky  was  (|uite  free  of  cloud  at  this  hour;  later  on  some  small 
fracto-cumulus  were  experienced,  but  no  cirrus  clouds  were  seen. 
No  signs  of  the  light  were  seen  after  7  P.  M. 
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Reports  from  Toiigatalni,  seven  degrees  south  of  Samoa,  state 
that  the  Hght  was  observed  there  also  to  the  south.  A  very  bright 
disphiy  was  also  seen  in  New  Zealand. 

The  wireless  station  in  Samoa  was  in  communication  with 
New  Zealand  during  the  time  of  the  aurora,  and  the  conditions 
were  considered  to  be  unusually  good. 

At  local  noon  on  May  14,  three  spots  were  observed  on  the  Sun, 
two  of  them  close  to  the  center.  This  time  is  near  that  of  com- 
mencement of  the  greatest  disturbance.  Two  of  them  were  cer- 
tainly large  spots,  but  were  not  thought  to  be  of  the  largest  type. 

On  May  20,  a  period  of  thunderstorms  exceptionally  frequent 
and  heavy  rain  began  here  and  continued  for  more  than  a  week. 
This  is  unusual  in  Samoa,  especially  at  this  time  of  year. 

G.  Angexheister  and  C.  J.  Westlaxd. 


THE  MAGNETIC  CHARACTER  OF  THE  YEAR  1920. 

The  annual  review  of  the  "Caractere  magnetique  de  chaque 
jour"  for  1920  has  been  drawn  up  in  the  same  manner  as  for  the 
preceding  years.  Thirt\-nine  observatories  contributed  to  the 
quarterly  reviews,  36  of  them  having  sent  complete  data. 

Table  H  of  the  annual  review,  containing  the  mean  character 
of  each  day  and  each  month,  the  list  of  calm  days  and  the  days 
recommended  for  reproduction,  are  reprinted  here. 

G.   VAX   DiJK. 
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MKASURES    OF    THK    ELECTRIC    AND    ALAGXPITIC    AC- 
TIVITY OF  THE  SUN  AND  THE  EARTH,  AND 
INTERRELATIONS.! 

1.  General  Considerations  and  Remarks. 
II.     Measure  of  the  Sun's  Aclivity. 

III.  Measure  of  the  Earth's  Magnetic  Activity. 

IV.  Relations  between  Solar  Activity  and  the  Earth's  Magnetic 

and  Electric  Activity. 

By  Louis  A.  Bauer. 

I. GENERAL  CONSIDERATIONS  AND  REMARKS. 

L  Evidences  of  the  existence  of  vertical  electric  currents, 
which  form  an  appreciable  part  of  the  Earth's  permanent  mag- 
netic field  and  of  its  variations,  have  been  multiplying  since  the 
publication  of  the  author's  paper-  "On  Vertical-Electric  Currents 
and  the  Relation  Between  Terrestrial  Magnetism  and  Atmospheric 
Electricity."  It  would  seem  that  several  of  the  perplexing  phe- 
nomena of  atmospheric  electricity,  e.  g.,  the  pronounced  geographic 
variations  and  peculiar  annual  \ariation  in  the  normal  potential- 
gradient  and  corresponding  vertical  conduction-current,  and  the 
maintenance  of  the  Earth's  supposed  negative  charge,  find  their 
readiest  explanation  in  a  system  of  vertical  currents  distributed 
over  the  Earth  in  much  the  same  manner  as  are  the  currents  which 
result  from  line  integrals  of  the  magnetic  force,  or  of  its  v^aria- 
tions,  taken  around  closed  circuits  on  the  Earth's  surface. 

2.  The  system  of  vertical  currents,  found  in  the  paper  just 
cited,  was  such  that  we  apparently  have,  on  the  a\erage,  negative 
electricity  streaming  into  the  Earth  in  polar  regions,  or  regions  of 
pronounced  polar  lights,  and  streaming  out  into  the  air  in  lower 
latitudes.  Or,  we  may  say  also  that  we  apparently  have,  on  the 
average,  negative  electricity  streaming  into  the  Earth  in  polar 
regions,  and  positive  electricity  streaming  into  the  Earth  in  lower 

'  Summary  of  the  following  paoers:  On  measures  of  the  Earth's  magnetic  and  electric  ac- 
tivity and  correlations  with  solar  activity,  presented  before  the  Section  of  Terrestrial  Magnetism 
and  Electricity  of  the  .American  Geophysical  Union,  at  the  annual  meeting,  Washington.  D.  C, 
April  18,  1921;  Further  investigations  concerning  the  relations  between  terrestrial  magnetism, 
terrestrial  electricitv.  and  solar  activity,  presented  at  the  General  Meeting  of  the  .American  Philo- 
sophical Society,  Philadelphia,  April  23,  1921;  New  relations  between  terrestrial  magnetism, 
terrestrial  electricity,  and  solar  activitv,  presented  before  the  Philosophical  Society  of  Washing- 
ton, May  21,  1921. 


See  Terr.  Mag., 
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latitudes.  The  average  resultant  current-density  for  the  region  of 
the  Earth  between  the  parallels  50°  North  and  50°  South  was 
found  to  be  about  one-thirty-fifth  of  an  ampere  per  square  kilo- 
meter; from  previous  investigations  the  author  had  found  an 
average  resultant  current-density  of  about  one-thirtieth  of  an  am- 
pere per  square  kilometer.  These  quantities  are  about  10,000 
times  that  of  the  current-density  of  the  vertical  conduction- 
current  deduced  from  atmospheric-electric  observations.  Certain 
qualitative  relationships  were  found  to  exist  between  the  vertical 
currents  as  disclosed  by  magnetic  observations  and  those  obtained 
from  atmospheric-electric  observ-ations,  but  quantitati\ely,  the 
results  from  these  two  sets  of  observations  differ  greatly. 

3.  To  account  for  the  strength  of  the  vertical  currents  ap- 
parently disclosed  by  magnetic  obser\-ations,  it  seemed  necessary 
to  assume  the  existence  of  a  corpuscular  current  of  such  extraor- 
dinarily high  penetrability  as  to  get  through  the  atmosphere  and 
penetrate  the  Earth's  surface.  It  may  be  recalled  also  that  the 
so-called  "penetrating  radiation,"  the  cause  of  which  has  not  yet 
been  satisfactorily  explained,  seemed  further  to  indicate  that 
something  of  a  highly  penetrating  character  does  actually  get 
through  the  atmosphere  and  down  to  the  surface  of  the  Earth. 
To  add  to  the  interest  of  the  matter,  the  normal  potential-gradient 
and  corresponding  vertical  conduction-current  of  atmospheric 
electricity,  and  their  variations,  as  shown  in  the  present  paper, 
are  found  to  be  related  to  solar  activity  and  to  the  relative  positions 
of  the  Sun  and  Earth,  and  possibly  of  other  planetary  bodies,  in 
much  the  same  manner  as  the  Earth's  magnetic  state  and  polar 
lights  have  long  been  known  to  be.  Furthermore,  a  recent  reduc- 
tion made  in  the  Department  of  Terrestrial  Magnetism  by  Dr. 
S.  J.  Mauchly  of  the  accumulated  diurnal-\ariation  observations 
of  atmospheric  electricity,  obtained  in  all  oceans  aboard  the  Car- 
negie during  the  past  six  years,  ha\e  disclosed  the  following  im- 
portant facts:  First,  that  the  diurnal-variation  of  the  normal 
potential-gradient,  and  the  corresponding  vertical  conduction- 
current  seemingly  also,  consists  chiefly  of  a  single  24-hour  wave, 
and  second,  that  this  wa\e  progresses  not  according  to  local  time, 
but  according  to  universal  time,  so  that  the  characteristic  phases 
(maximum,  minimum,  etc.)  occur  at  the  same  time  over  the  Earth.' 
An  examination  (^f  the  accumulated  observations  made  on  land, 
from  the  Arctic  to  the  Antarctic,  by  a  number  of  able  observers, 
shows    that    the    ])iizzliiig    discrepancies,    or    geographic    displace- 
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ments,  that  are  found  in  the  main  phases  of  the  24-hour  wav^e  in 
the  diurnal  variation  of  atmospheric  electricity  when  supposed  to 
take  place  according  to  local  time,  are  almost  completely  explained 
when  the  diurnal-variation  curves  are  plotted  according  to  uni- 
versal time.  Only  the  subordinate  waves  (12-hour,  etc.),  disclosed 
by  land  stations,  it  would  seem  progress  primarily  according  to 
local  time  and  would  seem  to  depend  upon  local  factors,  as  meteor- 
ological ones,  for  example.^     (See  Fig.  I.) 

4.  Now  the  further  interesting  matter  is  that  these  new  re- 
sults in  atmospheric  electricity  are  apparently  associated  with 
similar  ones  in  terrestrial  magnetism  and  polar  lights,  and  appear 
to  be  related  to  the  asymmetry  of  the  Earth's  magnetic  field  with 
respect  to  the  axis  of  rotation.*  The  progression  of  classes  of  mag- 
netic disturbances  according  to  universal  time,  rather  than  local, 
and  the  annual  frequency  in  magnetic  disturbances  exhibiting  the 
same  features  in  both  hemispheres  (maxima  in  the  equinoctial 
months  and  minima  in  the  solstitial  months)  have  been  known 
for  some  time.  Furthermore,  both  the  normal  diurnal  variation 
and  the  annual  variation  of  terrestrial  magnetism,  as  has  been 
pointed  out  especially  by  Adolf  Schmidt,  consist  of  two  distinct 
parts.  It  is  believed  that  further  investigation  may  show  that 
those  two  distinct  parts  are  to  be  referred  primarily  to  two  distinct 
operating  systems,  one  (horizontal  currents)  having  a  potential, 
and  varying  with  local  time,  or  with  local  season,  and  the  other 
(vertical  currents),  without  a  potential,  varying  possibly  accord- 
ing to  universal  time,  and  not  dependent  upon  local  season  but  on 
the  relative  position  of  the  Earth,  as  a  whole,  to  the  Sun. 

5.  In  my  1897  paper  on  "Vertical  Earth-Air  Electric  Currents" 
it  was  pointed  out^  that  the  vertical  currents  apparently  resulting 
from  the  line  integrals  of  the  magnetic  force,  "in  their  general 
nature  resemble  the  electric  currents  resulting  from  the  rotation  of 
a  magnetized  sphere  in  a  conducting  fluid.  The  magnetized  sphere 
induces  in  the  fluid  electric  currents,  which  in  turn  pass  from  the 
fluid  into  the  sphere,  and  from  the  sphere  back  into  the  fluid  again, 
thus   forming   closed    paths."      A   diagram   was   reproduced    from 

'According  to  papers  read  by  Dr.  S.  J.  Mauchly.  American  Geophysical  Society,  April  18, 
American  Physical  Society.  April  23  (see  Abstract  in  current  volume  of  Physical  Rnieu'),  and 
Philosophical  Society  of  Washington.  May  21,  1921.  .A.  summary  will  appear  in  a  future  issue  ot 
the  Journal. 

*It  is  of  interest  to  note  here  that  Simpson  keenly  observed  that  the  difference^  in  the  phase- 
angles  of  the  24-hour  wave,  deduced  from  his  potential-gradient  observations  at  Karasjok  (Lap- 
land) and  Cape  Evans  (in  the  Antarctic)  was  the  same  as  the  difference  in  the  magnetic  decimation 
at  the  two  places,  and  he  asks  whether  this  is  "only  a  coincidence."  Brtttsh  Antarctic  Expedition, 
1910-13,  Vol.  I,  1919,  p.  319. 

*  Terr.  Mag.,  vol.  2.  1897.  p.  19. 
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Fig.  I. — Diurnal  Variation  of  Electric  Potential-Gradient  on  the  Oceans. 


[As  the  result  of  45  diurnal-variation  series  of  electric  potential-gradient  ob- 
servations made  aboard  the  Carnegie  since  1915,  30  of  which  were  in  the  Pacific, 
5  in  the  Atlantic,  and  10  in  the  Indian  Ocean,  representing  in  the  aggregate  half 
the  Earth's  surface,  it  is  found  that  the  diurnal  variation  of  this  element  over 
the  oceans  consists  chieHy  of  a  single  wave  which  progresses  everywhere  accord- 
ing to  universal  time,  not  local  time.  Thus  the  minimum  value  occurs  about 
4h  A.  M.  and  the  ma.ximum  at  about  T'l  P.  M.,  Greenwich  mean  civil  time. 
The  time-interval  between  these  two  chief  phases  is  about  15  hours — which 
corresponds  appro.ximately  to  the  longitude-interval  between  the  Earth's  mag- 
netic poles.     (See  sections  3  and  4.)] 
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Hertz's  in^iugural  dissertation"  where  he  had  investigated  the 
simple  case  when  the  sphere  is  uniformly  magnetized  about  its 
axis  of  rotation.  The  currents  were  symmetrical  in  each  quadrant, 
entering  or  emerging  from,  as  the  case  might  be,  the  equatorial 
regions  and  emerging  from  (or  entering)  the  polar  regions.  The 
follow^ing  quotations  from  Schuster's  highly  suggestive  paper  "On 
Electric  Currents  Induced  by  Rotating  Magnets,  and  Their  Ap- 
plication to  Some  Phenomena  of  Terrestrial  Magnetism"*^  are  of 
further  interest  here: 

Speculative  theories  on  the  magnetic  and  electric  relationship  between 
the  Sun  and  Earth  lack  all  solid  basis  until  we  can  give  an  answer  to  the  ques- 
tion, whether  interplanetary  space  is  to  be  considered  an  electric  conductor 
or  not. 

The  Earth  as  a  magnet  revolving  in  a  conducting  medium  about  an  axis 
which  does  hot  coincide  with  its  magnetic  axis  must  induce  electric  currents, 
which  in  their  turn  will  produce  certain  magnetic  and  mechanical  reactions. 
These  reactions  may  be  calculated  and  their  existence  tested  within  certain 
limits.     .     .     . 

We  have  also  not  considered  some  very  important  effects  which  may  be 
due  to  currents  induced  in  the  meridian  planes  near  the  limits  of  our  atmosphere. 
Such  currents,  it  is  easy  to  see,  might  produce  effects  similar  to  that  of  the  aurora, 
but  I  must  for  the  present  postpone  their  discussion. 

Furthermore,  according  to  the  mathematical  investigations  of 
G.  F.  C.  Searle,^  a  similar  distribution  of  ^-ertical  currents  to  those 
resulting  in  the  manner  indicated  in  the  previous  paragraph  occurs 
during  the  translatory  motion  of  an  electrically-charged  sphere 
through  the  ether.  The  electric  and  magnetic  forces  have  gen- 
erally no  potential  and  important  conclusions  are  reached  with 
reference  to  the  mechanical  forces  experienced  by  the  sphere. 
A  future  paper  wall  give  further  consideration  to  this  case. 

6.  Of  course  whether  vertical  currents  of  the  requisite  magni- 
tude will  result  from  the  cases  just  referred  to,  as  applied  to  the 
Earth,  depends  probably  chiefly  upon  the  electric  conductivity  at 
the  levels  above  the  Earth's  surface,  w^here  the  effects  are  sup- 
posed to  arise.  Various  investigations  have  disclosed  the  fact 
that  the  electric  conductivity  of  the  atmosphere  increases  enor- 
mously with   altitude,   especially  in   the  regions  several   hundred 

=  Uber  die  Induction  in  rotirenden  Kugeln.  Inaugural  Dissertation,  Universitat  zu  Berlin, 
Berlin,  1880,  p.  79  and  pi.  I.  Or,  Gesammelie  Alhandltingen.  Vol.  I,  p.  115,  or  Miscellaneous  Papers 
by  Heinrich  Hertz,  translated  by  D.  E.  Jones  and  G.  .A..  Schott,  1896,  pp.  107-108.  (In  my  repro- 
duction of  Hertz's  diagram,  the  directions  of  the  currents  were  reversed,  in  order  that  the  positive 
directions  might  correspond  with  that  used  in  my  1897  paper. — Ba.) 

«  Terr.  Mag.,  vol.  1,  1896,  pp.  1,  1.3-14. 

'Problems  in  Electric  Convection,  Phil.  Trans.  A,  vol.  187,  1896,  pp.  675-713;  abstract  in 
Proc.  R.  S.  London,  vol.  59,  1896,  pp.  343-344. 
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kilometers  above  the  Earth's  surface,  where  the  electric  currents 
giving  rise  to  the  diurnal  variation  of  the  Earth's  magnetism  may 
have  their  seat,  and  where  the  polar-light  phenomena  chiefly  occur. 
Furthermore,  the  evidences  are  getting  stronger  and  stronger  that 
interplanetary  space,  as  the  result  of  solar  radiations  and  emana- 
tions, may  indeed  be  an  electric  conductor,  the  possibility  of  which 
Schuster  suggested.  If  the  vertical  currents,  arising  in  some  such 
manner  as  suggested,  flow  chiefly  in  regions  several  hundred  kilo- 
meters above  the  Earth's  surface,  then  in  order  to  explain  the  re- 
sults from  the  line  integrals  of  the  magnetic  force  around  closed 
circuits  on  the  Earth's  surface,  we  must  find  some  means  which 
will  make  it  possible  for  the  outer  vertical,  or  meridional,  currents 
to  produce  vertical  currents  at  the  Earth's  surface,  so  as  actually 
to  penetrate  the  latter.  Such  currents  may  possibly  be  caused  by 
some  inductive  or  condenser  action  resulting,  in  the  latter  case,  in 
Maxwell's  electric  displacement-currents.  Whether  the  major 
part  of  the  normal  vertical  conduction-current  of  atmospheric 
electricity  may  possibly  be  the  result  of  an  induction,  as  just  de- 
scribed, is  an  interesting  question.  The  quantitative  discordance 
between  the  strength  of  vertical  currents  disclosed  by  magnetic 
and  electric  observations,  referred  to  in  paragraph  2,  may  possibly 
ha\'e  to  be  accounted  for  by  displacement-currents  such  as  described 
in  the  second  quotation  of  paragraph  7. 

7.  Another  hopeful  view  may  be  the  one  contained  in  the 
following  quotation  from  Elihu  Thomson's  very  suggestive  paper 
on  "Inferences  Concerning  Auroras":* 

The  direction  of  streamers,  as  indicated,  being  vertical  to  the  Earth's  sur- 
face, is  suggestive  of  electrical  discharges,  ions,  or  electrons  projected  outward 
into  space  from  the  conducting  layer  of  our  atmosphere;  discharge  into  space 
in  which  the  mean  free  path  is  unlimited.  These  discharges  might  have  their 
origin  in  a  charged  conducting  layer  in  which  the  potential  suddenly  rose  to  a 
critical  value,  or  might  be  brought  about  inductively  by  the  presence  in  the 
space  around  the  Earth  of  opposite  charges  possibly  arriving  in  great  jets  from 
the  Sun.  Further,  the  charges  might  be  communicated  to  our  air  from  such 
jets,  followed  by  discharge  into  space  beyond. 

I  am  indebted  further  to  Professor  Arthur  E.  Kennelly  for  the 
following  tentative  suggestion  communicated  Ma\-  26,  1<>21  : 

When  a   portion  of  the   Earth's  surface  is  turned,  during  daylight  hours 

toward  the  Sun,  that  portion  of  the  surface  receives,  I  suppose,  a  certain  amount 

of  coronal  l)ombardment  from  the  Sun,  which  material  is,  I  imagine,  strongly 

electrified,  although  I  have  no  means  of  proving  it.     This  material,  as  I  under- 

•  Proc.  Nat.  Acad.  Sc.  vol.  3.  1917.  pp.  1-7. 
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staiul  it,  sinks  clown  into  the  atmosphere  until  it  is  entangled  therein  to  an  aver- 
age layer  of  perhaps  100  kilometers  above  the  Earth.  If  this  is  true,  then  an 
electric  current  will  be  forced  through  the  entire  depth  of  100  kilometers  of  air 
into  the  Earth  by  condenser  action,  while  at  the  same  time  a  current  will  be 
forced  upward  and  outward  through  the  air  for  equilibrium  in  the  less  intensely 
insulated  regions,  i.  e.,  the  dark  parts  or  the  less  brightly  illuminated  parts  of  the 
Earth's  surface.  This  would  mean,  as  I  see  it,  a  more  or  less  steady  downward  flow 
of  electricity  under  the  Sun  and  a  mpre  or  less  steady  simultaneous  upward  com- 
pensating flow  through  the  atmosphere  in  regions  remote  from  the  Sun  all  round. 
The  same  kind  of  current  will  occur  in  a  condenser  of  two  flat  parallel  plates 
separated  by  air,  the  lower  one  continuous  and  the  upper  one  divided  into  squares. 
Charging  some  of  these  squares,  say  positively,  would  force  positive  electricity 
through  the  dielectric  into  the  lower  plate,  and  this  would  react  back,  as  its 
charge  grew,  upon  the  outlying  squares,  sending  induced  electricity  back  to  them. 
As  I  see  the  process,  these  outlying  dark  patches,  charged  inductively,  would 
discharge  coronal  electrical  matter  out  into  space.  The  total  current  received 
and  delivered  in  this  way  from  the  Sun  might  be  enormous. 

During  a  sun-spot  passage  this  phenomenon  merely  becomes  intensified, 
as  I  suppose,  giving  rise  to  powerful  currents  in  the  Earth  and  powerful  auroral 
discharges  in  the  air  out  to  space.  I  am  indebted  to  Professor  Elihu  Thomson 
for  the  idea  that  while  the  coronal  electrified  matter  from  the  sun-spot  charges 
the  upper  air  during  daylight,  the  aurora,  which  is  a  discharge  into  space,  occurs 
at  night,  so  far  as  we  know,  i.  e.,  after  the  electrified  parts  of  the  Earth  have 
turned  away  from  the  Sun.  I  suppose  this  process  is  always  going  on  in  a  minor 
degree,  and  would  account,  I  should  think,  for  the  residuals  in  the  iJ-integrals, 
which  you  find.  The  aggregate  solar  current  of  this  type  might  reach  millions 
of  amperes  with  only  a  few  centiamperes  per  square  kilometer  of  Earth's  surface. 

If  this  is  anything  like  a  correct  picture,  a  line  integral  of  magnetic  force 
should  give  plus  residuals  in  the  daytime  and  minus  residuals  at  night.  At 
least  some  compensation  must  occur  to  keep  the  Earth's  charge  reasonably 
steady. 

8.  The  foregoing  quotations  raise  the  question  whether  polar 
lights  may  not  in  part  at  least,  if  not  entirely,  be  explained  by  an 
electric  discharge  into  outer  space  from  the  less  insolated  portions 
of  the  Earth's  atmosphere,  rather  than  by  an  electric  discharge 
entering  our  atmosphere  from  outer  space.  Probably  it  will  turn 
out  that  both  possibilities — an  entering  discharge  and  an  emerging 
discharge — will  have  to  be  taken  into  consideration.  In  spite  of 
the  fruitful  researches  of  Birkeland,  Stoermer,  Vegard,  Krogness, 
and  others,  based  on  the  theory  that  polar  lights  are  wholly  to  be 
accounted  for  by  the  entrance  into  our  atmosphere  of  charged 
particles  of  some  kind,  all  the  known  phenomena  of  polar  lights 
have  not  yet  been  fully  explained.  These  investigators  are  further- 
more not  yet  wholly  agreed  among  themselves  as  to  the  sign  of 
the  entering  charge  required  for  the  explanation  of  some  of  the 
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polar  light  phenomena.  In  this  connection  will  be  of  interest  one 
of  the  conclusions  reached  in  the  present  paper,  namely,  that  in 
addition  to  the  Earth  being  bombarded  by  electrified  particles 
from  the  Sun,  the  Earth  (and  probably  other  planets)  is  apparently 
sending  out  into  space  or  returning,  by  a  sort  of  reflex  action,  a 
portion  of  the  electrified  particles  recei\ed  from  the  Sun.  Various 
investigators  have  shown  an  apparent  Earth-efifect  upon  certain 
solar  phenomena,  such  as  spottedness,  prominences,  facula^,  etc. 
By  means  of  the  new  m.easure  of  solar  activity  described  later,  the 
author  also  has  found  that  there  seems  to  be  an  Earth-efTect 
upon  solar  acti\ity,  the  relation  being  of  a  highly  suggestive  char- 
acter. (While  this  article  is  passing  through  the  press,  the  July 
issue  of  the  Philosophical  Magazine  is  recei\"ed,  containing  L.  Ve- 
gard's  very  valuable  summary.  "Recent  Results  of  Xorthlight  In- 
vestigations and  the  Nature  of  the  Cosmic  Electric  Rays."  Refer- 
ence must  be  made  to  that  paper  for  Vegard's  latest  views;  he 
likewise  discusses  the  case  of  the  "electric  rays"  being  turned  back 
into  space  without  being  absorbed  in  the  atmosphere.) 

9.  Another  matter  of  interest  here  is  the  well-known  fact  that 
there  are  certain  unexplained  small  outstanding  irregularities  in 
longitude  of  the  Sun,  Mercury,  \'enus  and  the  Moon,  which  ap- 
pear to  show  a  common  periodicity.  It  has  been  suggested 
that  these  small  irregularities  may  have  to  be  accounted  for  by 
some  magnetic  phenomenon.  If  now  there  are  vertical  electric 
currents  in  the  case  of  the  planetary  bodies  under  consideration 
like  those  described  for  the  Earth,  then  there  are  outstanding 
mechanical  effects,  such  as  Schuster  has  already  referred  to  (see 
quotation  in  paragraph  5),  and  as  treated  by  Searle  (footnote 
reference  7)  for  the  case  considered  by  hini,  which  may  have  to  be 
reckoned  with  and  which  may  account  for  the  common  periodicity; 
of  course,  pending  numerical  calculations  no  definite  statement 
may  be  made.  The  diagrams  constructed  by  \arious  investigators 
showing  the  heliographic  distribution  of  solar  prominences  reveal  a 
startling  similarity  with  the  author's  diagram  of  the  geographic 
distribution  of  the  Earth's  vertical  currents  and  Hertz's  diagram 
referred  to  in  paragraph  5.  It  would  seem  as  though  there  may  be 
a  system  of  vertical  currents  on  the  Sun  similar  to  that  on  the 
Earth.  This  interesting  question  will  ha\e  to  be  reserved  for  a 
fuller  discussion  in  a  later  paper.    , 

10.  Another  matter  of  interest  in  connection  with  \ertical 
electric  currents  is  that  they  may  open  up  a  possibility  of  accounting 
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for  the  origin  of  the  Earth's  magnetic  field,  following  out  Suther- 
land's theory,^  and  further  elaborated  by  the  author  in  a  paper 
entitled  "A  Consistent  Theory  of  the  Origin  of  the  Earth's  Mag- 
netic Field."'"  The  underlying  idea  here  is  that  the  Earth's  mag- 
netic held  may  be  caused  by  the  rotation  with  the  Earth  of  two 
opposite  and  equal  electric  charges  distributed  through  the  Earth 
and  supposed  to  be  contained  within  two  concentric  spheres  whose 
radii,  calculation  shows,  need  differ  by  only  0.4  of  the  radius  of  an 
ordinary  molecule  to  give  a  magnetic  field  of  the  required  strength." 
The  prime  difficulty  has  been  to  find  some  adequate  and  variable 
cause  which  prevents  the  two  opposite  electric  charges  from  coming 
together.  An  investigation  is  being  made  to  determine  whether 
vertical  electric  currents,  penetrating  the  Earth's  crust  in  some  such 
manner  as  has  already  been  described,  may  not  prove  to  be  a 
sufficient  agency  for  keeping  apart  the  supposed  electric  charges 
in  the  Earth.  If  so,  the  idea  is  suggested  whether  during  magnetic 
disturbances  the  variation  in  the  supposed  vertical  currents  may 
not  be  of  such  a  character  as  to  bring  the  supposed  charges  within 
the  Earth  nearer  together  or  farther  apart,  as  the  case  may  be;  if 
nearer,  then  the  Earth's  magnetic  field  is  diminished  and  we  have 
an  explanation  why  the  effect  of  severe  magnetic  disturbances  is 
generally  to  diminish  m.omentarily  the  magnetization  of  the  Earth; 
if  the  Earth's  electric  charges  are  brought  further  apart,  then  we 
have  an  increased  magnetization  of  the  Earth  as  occurs,  for  ex- 
ample, during  the  so-called  "positive  magnetic  disturbances," 
which  though  most  generally  not  accompanied  by  such  large 
effects  as  in  the  previous  case  (negative  disturbances)  are  relatively 
much  more  frequent. ^'^  That  portion,  at  least,  of  the  secular 
variation  of  the  Earth's  magnetism,  which  shows  a  concurrent 
periodicit>'  with  the  Sun-spot  cycle, ^^  may  be  the  residual  effect 
of  the  two  classes  of  magnetic  disturbances,  negative  and  positive, 
just  mentioned.  In  fact,  the  secular  variation  appears  more  and 
more  to  be  a  sort  of  residual,  or  hysteresis,  effect  of  the  many 
systems,  more  or  less  periodic,  incommensurable,  and  sporadic  in 
their  character,  rather  than  as  the  result  of  a  single,  undiscov'ered 

9  Terr.  Mag.,  vol.  5,  1900,  p.  73;  vol.  8,  1903,  p.  49;  vol.  9.  1904,  p.  167;  and  vol.  13.  1908, 
p.  155. 

"Jour.  Wash.  Acad,  of  .Sciences,  vol.  3,  1913,  pp.  1-7. 

"  B.\UER,  L.  A.,  Origin  of  the  Earth's  Magnetic  Field;  Phvs.  Rei.,  X.  S..  vol.  1,  1913,  pp. 
254-257. 

'=  See,  for  example,  L.  Steiner's  valuable  paper  "On  a  Special  Form  of  Magnetic  Disturb- 
ances," in  this  issue  of  the  Journal. 

"  B.\UER.  L.  A.:     Relation  between  the  Secular  \'ariation  of  the  Earth's  Magnetism  and 
Solar  Activity,"  Terr.  Mag.,  vol.  23,  1918,  pp.  8-22,  61-68. 
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cause.  It  is  frequently  overlooked  by  those  advancing  theories 
as  to  the  origin  of  the  Earth's  magnetic  field  that  the  chief  or 
effective  cause  must  be  a  rather  unstable  one,  such,  for  example, 
as  the  one  here  indicated,  to  make  readily  possible  the  numerous 
fluctuations  of  the  field,  or  an  instantaneous  change  in  the  strength 
of  the  whole  terrestrial  field  of  5  per  cent  or  more,  as  experienced 
during  severe  magnetic  storms.  Various  analyses  made  by  the 
author  would  appear  to  indicate  that  there  are  vertical  currents 
generated  during  magnetic  disturbances,  or  at  least  some  system 
of  forces  brought  into  play  which  causes  a  direct  effect  or  change 
within  the  interior  of  the  Earth. 

11.  If  there  are  vertical  currents  of  the  strength  indicated, 
then  it  would  appear  that  they  ought  to  be  disclosed  by  some 
more  direct  method  than  that  of  line  integrals  of  the  magnetic 
force.  For  example,  the  presence  of  such  currents  would  cause  a 
non-uniformity  in  the  Earth's  magnetic  field  at  the  surface,  and 
there  is  under  way  an  investigation  based  upon  the  author's  paper 
"Is  the  Earth's  Action  on  a  Magnet  Only  a  Couple?"'^ 

12.  In  brief,  the  present  investigations  raise  the  question 
whether  in  addition  to  electric  currents  circulating  concentric  with 
the  Earth's  surface,  either  above  or  below,  we  may  not  also  have 
to  deal  in  future  with  vertical  currents  inside  as  well  as  outside  the 
Earth.  A  scheme  for  the  distribution  of  vertical  and  hori- 
zontal electric  currents  in  the  atmosphere  and  in  the  Earth,  ten- 
tatively drawn  up,  is  found  to  satisfy  the  chief  phenomena  of  both 
the  Earth's  magnetic  and  electric  fields.  The  foregoing  paragraphs 
indicate  in  a  general  and  somewhat  incomplete  manner  the  char- 
acter of  some  of  the  investigations  at  present  in  progress  in  the 
Department  of  Terrestrial  Magnetism,  which  it  is  deemed  im- 
portant to  bring  at  least  to  a  partial  conclusion  before  an  effective 
analysis  of  the  Earth's  magnetic  field  may  be  undertaken  on  the 
basis  of  the  accumulated  magnetic  data.  That  there  are  other 
bonds  of  union  than  those  of  gravitation — electrical  in  their  nature 
— between  the  Earth,  the  sister  planets,  and  our  parent  Sun,  by 
means  of  which  the  cosmic  forces  responsible  for  electric  and  mag- 
netic effects  are  conveyed,  is  becoming  increasingly  evident.  It 
gives  me  much  pleasure  to  acknowledge  here  the  effective  and 
valuable  aid  recei\'ed  in  the  coniputations  and  diagrams  f(^r  this 
paper  from  Messrs.  C.  R.  Cuvall,  C\  C.  Ennis  and  H.  D.  Harradon, 
and  Miss  Emma  L.  Tibbctts,  all  of  the  Department  t)f  Trrrcstrial 
Magnetism. 

"  Terr.  Mag.,  vol.  13.  1908.  p.  25;  also  vol.  14.  1909,  p.  72. 
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II. — MEASURE  OF  THE   SIN's  ACTIVITY. 

13.  When  attempting  to  find  correlations  between  manifesta- 
tions of  the  Sun's  activity  and  those  of  the  Earth's  magnetic  and 
electric  activity,  three  points  require  imm_ediate  consideration: 

a.  What  shall  be  taken  as  an  adequate  measure  of  the  Sun's 
activity  with  respect  to  such  radiations  and  emanations  which  are 
likely  to  have  an  effect  upon  the  magnetic  and  electric  fields  of  the 
Earth? 

h.  What  shall  be  taken  as  an  adequate  measure  of  the  Earth's 
magnetic  activity,  or  of  the  Earth's  electric  activity? 

c. .  What  quantities  shall  be  taken  as  defining  the  so-called 
normal  or  undisturbed  condition  of  the  Earth's  magnetic  field,  or 
of  the  Earth's  electric  field? 

With  respect  to  the  first  question,  we  have  at  our  disposal  the 
sun-spot  numbers,  sun-spot  areas,  flocculi  areas,  prominences, 
facul«,  and  solar-constant  values.  For  measures  of  the  Earth's 
magnetic  activity,  as  well  as  of  its  electric  activity,  we  may  use 
fluctuations  in  the  magnetic  and  electric  quantities,  which  are 
more  or  less  periodic  in  their  character,  as  for  example,  the  diurnal 
range  or  annual  range  of  the  magnetic  and  electric  elements.  But 
it  is  also  found  that  during  a  magnetic  storm  and  for  som_e  time 
afterwards,  the  Earth's  permanent  magnetic  state,  as  also  possibly 
its  electric  state,  has  been  affected.  Thus,  we  have  at  our  disposal 
both  fluctuations  about  a  mean  value  for  a  certain  interval,  as 
also  change  in,  that  mean  value  for  a  given  time.  The  selection  of 
normal  or  undisturbed  values  of  any  measure  taken  may  be  based 
upon  the  international  list  of  so-called  magnetically  calm  or  elec- 
tricalh'  calm  days.  Though  it  must  not  be  overlooked  that  often 
the  values  of  the  magnetic  and  electric  elements  on  such  days  are 
affected  by  a  peculiar  kind  of  disturbance.  In  brief,  it  has  been 
found  that  the  magnetic  or  electric  elements  on  a  comparatively 
undisturbed  day  are  not  necessarily  normal  values.  Rather  may 
the  values  be  "normal"  which  lie  intermediate  between  those  for 
the  "quiet"  days  and  those  for  the  days  of  moderate  disturbance. 

14.  Every  analysis  thus  far  undertaken  of  any  particular 
magnetic  fluctuation  indicates  that  the  observed  effects  are  to  be 
ascribed  to  at  least  two  systems  of  forces:  E,  an  external  system 
consisting  most  probably  of  electric  currents  in  the  upper  regions 
of  the  atmosphere;  and  /,  an  internal  system  consisting  of  electric 
and  magnetic  systems  below  the  Earth's  surface.    The  two  systems 
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E  and  /  are  not  necessarily  related  as  though  /  were  the  result  of 
an  inductive  effect  caused  by  the  system  E.  The  system  /  would 
appear  rather  as  a  composite  system,  composed  primarily  of  a 
direct  effect  and  secondly  of  an  indirect  effect  which  may  be  re- 
lated to  the  fluctuating  E  system.  Indications  have  also  been 
found,  as  stated  in  paragraph  10,  of  the  presence  of  a  third  system 
(C)  consisting  of  vertical  electric  currents  which  apparently  pass 
through  the  Earth's  surface,  either  from  the  atmosphere  or  from 
some  internal  source.  What  we  observe  during  a  magnetic  storm 
is  the  combined  effect  of  the  three  systems,  E,  I,  and  C,  and  this 
important  fact  must  be  borne  in  mind  in  endeavoring  to  find  cor- 
relations between  solar  activity  and  terrestrial  activity.  It  may 
even  happen,  as  apparently  was  the  case  on  May  8,  1902,  during 
the  eruption  of  Mont  Pelee,  that  we  might  have  world-wide  mag- 
netic fluctuations  of  internal  rather  than  external  origin.  Hence, 
were  it  feasible,  a  mathematical  analysis  should  be  undertaken 
first  of  a  magnetic  disturbance  in  order  that  the  effects  from  ex- 
ternal sources  may  be  separated  from  those  to  be  related  to  internal 
ones. 

The  question  has  been  raised,  since  at  times  the  magnetic  dis- 
turbance on  the  Earth  apparently  preceded  some  striking  man- 
ifestation of  solar  activity,  whether  there  may  not  be  also  the  pos- 
sibility of  a  universe  disturbance-system  affecting  both  solar  ac- 
tivity and  planetary  magnetic  actixity. 

As  the  combined  result  of  the  author's  investigations  to  date, 
it  is  found  that  in  general  the  most  successful  measure  of  solar 
activity,  of  special  interest  here,  is  a  quantity  indicati\e  of  the 
amount  of  variability  of  sun-spottedtiess  during  a  gi\en  period.  For 
exam.ple,  instead  of  taking  the  sun-spot  numbers  direct  for  com- 
parison with  magnetic  or  electric  fluctuations,  we  might  take  the 
range  in  the  sun-spot  numbers  per  month,  or  the  average  departure 
of  the  daily  sun-spot  numbers  from  the  monthly  mean,  irre- 
spective of  sign.  This  forms  the  special  subject  of  the  present 
section  (II). 

15.  As  alreach-  stated,  \arious  quantities  ha\e  been  used  as  a 
measure  of  solar  activity:  Sun-spot  numbers  (Wolf  and  Wolfcr), 
sun-spot  areas,  prominences,  facula^,  flocculi,  solar-constant  \alues, 
etc.  The  comparisons  of  these  measures  with  fluctuations  in  the 
Earth's  magnetism  have  met  with  greater  or  less  success,  according 
to  the  length  of  the  interval  chosen  for  comparison.  The  com- 
parisons turn   out    lust   when    the  quantities  compared  are  mean 
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values  for  a  whole  year,  but  even  the  yearly  means  of  magnetic 
effects  when  compared,  for  example,  with  yearly  mean  sun-spot 
numbers  do  not  always  show  precise  synchronism,  especially  not 
at  years  of  maximum  sun-spot  activity.  The  crest  of  the  mag- 
netic curve,  according  to  the  effect  considered,  may  lag  a  year  or 
more  behind  the  solar  curve,  and  even  at  times  appear  to  precede 
the  crest  of  the  latter.  By  also  taking  into  consideration  other 
solar  effects,  especially  prominences  and  faculse,  the  cause  of  the 
discrepancies  between  the  sun-spot  curve  and  the  magnetic  curve 
are  not  infrequently  found.  It  would  appear  at  times  as  though 
the  magnetic  curve  may  be  a  more  faithful  index  of  the  Sun's 
complete  activity  or  energy  at  least  with  respect  to  such  radia- 
tions and  emanations  which  are  likely  to  have  an  effect  upon  the 
Earth's  magnetic  and  electric  conditions,  than  the  sun-spot  num- 
bers themselves.  In  fact,  the  various  measures  of  solar  actixity 
differ  as  much  among  themselves  regarding  details  as  the  magnetic 
curve  differs  from  any  particular  solar  measure  adopted. 

When  the  comparisons  are  made  for  an  interval  less  than  a 
year,  let  us  say  month  by  month,  then  the  discrepancies  between 
the  solar  curve  and  the  magnetic  curve  are  at  times  so  pronounced 
as  to  have  led  investigators  to  become  doubtful  as  to  a  direct 
causal  relationship  between  the  two  sets  of  phenomena.  And 
when  a  comparison  day  and  day  is  attempted,  still  further  skep- 
ticism has  not  infrequently  been  the  result.  As  was  pointed  out 
in  paragraph  14,  a  priori  we  must  not  expect  alwa^'s  exact  con- 
cordance between  solar  and  magnetic  phenomena. 

16.  Though  the  sun-spot  numbers  do  not  always  appear  to 
be  the  best  measure  of  solar  acti\ity,  as  far  as  magnetic  effects 
are  concerned,  they  are  the  only  thoroughly  systematic  solar 
measures  which  are  promptly  and  readily  available.  The  good 
work  begun  by  Wolf  is  being  ably  continued  by  his  successor, 
Wolfer.  Various  investigations,  in  addition  to  that  described  here, 
have  indicated  that  spottedness,  besides  passing  through  the  well- 
known  cycle  of  somewhat  over  11  years,  is  also  subject  apparently 
to  shorter  periodicities.  A  short  period  of  special  interest  here  is 
that  approximately  25  days,  or  the  period  of  the  Sun's  rotation  at 
the  equator.  This  period  is  revealed  most  clearly  during  the 
years  of  minimum  sun-spot  activity:  during  the  years  of  maximym 
sun-spot  activity  subordinate  waves  are  superposed  upon  the 
principal  one.  In  other  words  just  as  the  Earth,  rotating  in  a 
field  of  force,  experiences  in  the  course  of  24  hours  a  diurnal  fluctua- 
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tion  in  its  magnetic  and  electric  state,  so  the  Sun  may  be  rotating 
in  a  field  of  force  and  undergoing  in  the  course  of  its  day — 25  ap- 
proximately of  our  days — a  solar  rotation-fluctuation  in  its  par- 
ticular activity,  whatever  the  nature  may  be.  If  this  be  so,  and 
apparently  the  fact  seems  to  be  confirmed  in  various  ways,  then 
just  as  the  range  of  diurnal  variation  of  the  Earth's  magnetism  is 
found  to  be  a  useful  measure  of  the  Earth's  magnetic  activity,  so 
the  range  of  the  solar-rotation  variation  in  spottedness,  for  ex- 
ample, may  be  found  to  be  a  good  measure  of  the  Sun's  actual 
activit}". 

The  sun-spot  numbers  are  published  regularly  by  Wolfer  for 
every  day  of  observation  and  arranged  in  monthly  intervals. 
Theoretically  of  course  we  should  arrange  the  sun-spot  numbers 
in  periods  of  a  solar  rotation,  rather  than  in  periods  of  a  terrestrial 
month,  and  derive  the  absolute  ranges  during  each  solar-rotation 
period  by  subtracting  the  minimum  sun-spot  number  during  that 
period  from  the  maximum  one;  however,  the  average  length  of  our 
month  being  not  greatly  different  from  the  main  rotation-period 
in  solar  activity,  the  absolute  ranges  in  the  observ^ed  sun-spot 
numbers  were  derived  for  each  month  for  fully  3  sun-spot  cycles, 
namely,  1886-1920.  It  should  be  recalled  also  that  the  geophysical 
quantities  which  we  must  use  for  comparison  with  solar  activity 
are  likewise  arranged  according  to  our  month — ^not  according  to 
the  period  of  the  Sun's  rotation. 

17.  The  monthly  ranges  (measure  R)  in  sun-spot  numbers 
derived  as  just  stated,  were  next  tested  by  comparisons  with  mag- 
netic quantities,  both  by  the  year  for  3  sun-spot  cycles,  and  also 
month  by  month  for  the  pairs  of  years  1915-1916  and  1919-1920. 
It  was  immediately  evident  that  the  sun-spot  ranges  were,  in  gen- 
eral, a  better  measure  of  solar  activity  as  related  to  the  magnetic 
activity  than  had  been  the  spot-numbers  themselves.  The  fact  is 
also  of  significance  that  the  average  sun-spot  range  during  the 
solar-rotation  period  is  about  of  the  same  magnitude  as  the  range 
during  the  11-year  cycle;  in  the  first  case  the  range  possibly 
results  from  the  rotation  of  the  Sun  in  a  field  of  force,  and  in  the 
second  case  the  range  may  possibly  be  the  result  of  the  rota- 
tion of  a  combined  field  of  force  around  the  Sun  in  a  period  of 
about  11-12  years. 

Since  the  monthly  sun-spot  ranges  depended  only  upon  two 
sun-spot  numbers  per  month,  the  maximum  and  minimum,  it  was 
decided  to  try  utilizing  more  of 'the  data.  Accordingly  the  5-day 
m.eans  (pentad  means)  of  sun-spot  numbers  gi\en  in  Table  III  of 
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Elsa  Frenkel's  paper'^  1876-1911  were  used  and  extended  to  1920, 
inclusive.  These  pentad  means  were  arranged  approximately  by 
calendar  months,  for  reasons  already  stated,  and  the  "smoothed" 
monthly  ranges  were  determined  by  taking  the  difference  between 
the  mean  of  two  successive  maxima  and  the  interv^ening  minimum, 
or  between  the  mean  of  two  successive  minima  and  the  intervening 
maximum,  as  the  case  might  be.  These  smoothed  ranges  (measure 
R')  proved  to  be  even  better  than  measure  R. 

Owing  to  the  labor  involved  in  deriving  the  i?'-measures  and 
since  there  is  a  possibility  that  no  two  computers  would  derive 
the  smoothed  ranges  in  precisely  like  manner,  it  was  decided  next  to 
try  as  a  measure  of  solar  activity  or  energy  the  average  departure 
during  a  month  of  the  daily  sun-spot  numbers  from  their  mean 
for  the  month,  regardless  of  sign.  This  measure  (D)  was  found  to 
be  as  serviceable  as  the  i?'-measure  and,  in  fact,  showed  such  closely 
identical  fluctuations  with  it,  that  it  was  the  measure  of  solar 
activity  finally  adopted.  We  shall  regard  the  average-departure 
numbers  per  month  as  our  first  measure  of  solar  energy-change;  the 
success  of  these  measures,  of  which  evidence  is  given  in  Figs.  II-  VII, 
indicates  that  it  is  the  variability  in  sun-spottedness,  rather  than  sun- 
spottedness  itself,  which  may  approximate  to  a  true  measure  of  the 
kind  of  solar  activity  which  may  be  related  to  geophysical  phenomena. 
The  numerical  quantities  on  which  the  various  curves  in  Figs, 
II-VII  are  based  will  be  given  in  the  fuller  publication. 

The  measures,  R  and  D,  are  also  being  derived  from  the  Green- 
wich sun-spot  areas,  to  see  whether  they  possess  any  advantages 
over  those  derived  from  the  sun-spot  numbers.  As  sun-spotted- 
ness  is  not  always  a  true  index  of  the  kind  of  solar  activity  which 
may  be  responsible  for  a  disturbance  of  the  Farth's  magnetic  field, 
our  R  and  D  measures  are  not  to  be  regarded  as  always  represent- 
ative of  the  solar  activity  with  which  we  are  concerned.  It  would 
appear  that  the  R  and  D  measures  may  be  usefully  supplemented 
at  times  by  the  aid  of  solar-prominence  data.  As  to  how  R  and  D 
may  be  of  use  in  expressing  approximately  an  energy-change  ex- 
perienced by  a  field  of  force,  see  paragraph  20. 

Fig.  II  will  serve  to  illustrate  the  use  of  the  Z>-measure  (Curve 
2).  Figs.  Ill  and  IV  show  the  use  of  both  the  R-  and  D-measures, 
and  exhibit  some  comparisons  and  relations  between  solar  activity 
and  certain  geophysical  phenomena  as  stated  in  paragraph  29. 
Table  1  serves  further  to  illustrate  the  use  of  our  measures. 

i»  Untersuchungen  uber  kurzperiodische  Schwankungen  der  Ilaufigkeit  der  Sonnenflecken, 
Publ.  Sternwarte'd.  Eidg.  Polytech.,  Zurich,  Bd.  V,  1913. 
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Explanatory  Remarks  for  Figure  II. 

1.  Annual  Sun-spot  Numbers,  1886-1920  (Wolf,  Wolfer); 

2.  Annual  JMeasures  of  Solar  Energy-Change,  1886-1920  (Bauer); 

3.  Annual     Measures    of    Magnetic     Energy-Change,     1890-1920 

(Bauer); 

4.  Annual     Solar     Prominence-Frequencies,      1886-1916     (Ricco; 

Palermo  and  Catania). 

The  titles  of  the  curves  for  1  and  4  are  self-explanatory.  Curve  2  represents 
the  annual  means  of  the  average  monthly  departure  of  the  sun-spot  numbers 
according  to  the  measure  of  solar  energy-change,  or  variability  in  spottedness, 
as  explained  in  paragraph  17.  Curve  3  represents  a  preliminary  measure  of  the 
Earth's  magnetic  activity,  eHR,  as  derived  according  to  paragraphs  23  and  24, 
on  the  basis  of  the  absolute  daily  ranges  in  H  at  Potsdam,  1890-1907,  at 
Cheltenham,  Maryland,  1905-1920,  and  at  Seddin,  1908-1917;  these  simple  and 
quickly-derived  measures  are  nearly  the  same  as  Schmidt's  more  elaborately 
obtained  quantities  5,  when  the  latter  are  multiplied  by  H.  All  the  curves  are 
drawn  on  the  percentage  basis:  The  base  values,  which  represent  100  are:  36.5 
for  1;  14.8  for  2;  10.8  for  3;  and  3.9  for  4.  Some  minor  changes  may  be  made 
when  some  outstanding  data  have  been  received. 

It  will  be  seen  that  Curve  2  is  a  close  reproduction  of  Curve  1;  it  shows, 
however,  more  details  (smaller  waves),  all  of  which,  besides  others,  will  be  found 
shown  also  in  the  magnetic  curve  3.  The  magnetic  curve  exhibits  an  interesting 
trough  for  1893,  preceded  and  followed  by  a  crest — features  not  shown  pre- 
cisely in  either  of  the  solar  curves,  1,  2,  and  4.  However,  the  crest  of  the  promi- 
nence-frequencies curve,  4,  occurred  in  1892— a  year  in  advance  of  the  crest  in  the 
curves  1  and  2 — and  this  corresponds  to  the  first  crest  in  Curve  3.  It  will  be 
observed  further  that  in  Curve  4  there  is  a  subordinate  trough  in  1893,  followed 
by  a  subordinate  crest  in  1894;  in  brief  the  features  shown  by  the  magnetic  curve 
(3)  from  1892-1894  have  their  counterpart  to  some  extent  at  least  in  Curve  4. 
So  again  Curve  4  shows  a  minimum  1902,  a  year  later  than  for  curves  1  and  2,  but 
corresponding  with  the  year  of  minimum  for  3.  Except  for  the  features  already 
pointed  out.  Curve  4  does  not,  in  general,  correspond  with  Curve  3  as  well  as  does 
2.  The  drawn-out  crest,  1916-1919,  in  Curve  3  is  the  result  of  numerous  severe 
magnetic  storms  since  the  sun-spot  maximum  of  1917.  If  3  were  drawn  on 
the  basis  of  the  10  least  disturbed  days  per  month,  instead  of  on  the  basis  of  all 
days,  as  was  done  here,  a  sharper  crest  is  shown.  (See  Fig.  IV-10).  So  also  are 
the  magnetic  features,  1892-1894,  altered  when  such  greatly  smoothed  diurnal 
ranges  are  used  as  Ellis  employed  in  his  investigations.  For  his  //-ranges  at 
Greenwich,  there  is  a  maximum  crest  in  1893,  a  subordinate  trough  in  1894, 
followed  by  a  subordinate  crest  in  1895,  after  which  a  decrease  sets  in. 

The  following  additional  solar  curves  have  been  drawn,  but  they  are  not  re- 
produced here  as  they  show  no  features  not  already  shown  in  curves  1,  2,  and  4: 

Curve  5.  Annual  Sun-spot  Areas,  1886-1920  (Greenwich); 

Curve  6.  Annual    Measures  of   Solar   Energy-Changes,    1886-1920   (Bauer, 

Smoothed   Ranges); 
Curve  7.  Annual    Prominence    Areas    (Kenley,    1891-1905;       Kodaikanal, 

1906-1920): 
Curve  8.  Annual  Faculae  Areas,  1886-1916  (Greenwich). 
Curve  5  is  almost  an  exact  reproduction  of  1.     Curve  6  is  a  very  close  re- 
production of- 2,  except  that  it  shows  a  stunted  crest  with  a  maximum  in  1918  in- 
stead of  1917.     Curves  7  and  8,  do  not,  in  general,  correspond  as  well  with   the 
features  of  the  magnetic  curve  (3),  as  do  either  1  or  2. 
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(2)   Sun-spot  Numberd. wolf -Wolf er 
(Monthly  Ueans) 
1877-1920  =  44  years 

(3J  Sxin-apot  Numbers.Wolf-Wolfer 
(Annual  Vari&tion) 
1886-1920  =  35  years 

(4)  Sun-spot  Ranges,  Bauer 
(Annual  Variation) 
1886-1920  =  35  years 


, )  Mean  Distance, Earth -Sun 
lAniiual  Variation) 


5)  solar  Energy-Change 8, Bauer 
(Annual  Variation) 
1886-1920  =  35  years 


(6)   Solar  Prominence  Frequency 
(Annual  Variation) 
1884-1916;  Palermo -Catania 


(7)  Earth's  Magnetic  Charactei 
(Annual  Variation) 
1906-1920   =   15  years 


(8)  Polar  Ll^t  Pre luency, Ellis 
(Annual  Variation) 
H  58'-  N  ^1.0° 


(9)  Polar  Light  Prequency.Ellls 
(Annual   Variation) 

Korth  of  65' 

(10)  Electric  Potential -(Gradient 
(Annual  Variation) 

High  Latitude  Stations 


Fig.  III. — The  .Apparent  "Earth-Kfftcf,"  in  Solar  .Activity  and  Comparison 
with  Some  Geophysical  Phenomena.    (See  pages  65-66.) 
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Fig.  IV. — Variations  in  Solar  Activity,  Terrestrial  Magnetism,  Atmospheric 
Electricity,  and  Earth-Currents  During  1905-1920.    (See  pages  67-68.) 
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Table  1. — Comparison  of  solar  activity  and  terrestrial  magnetic  activity,  1906-1916. 


A' 

D 

w 

"^'' 

;     'c.'  (o-cj 

w'   (0-C) 

(Mid.) 

t  ^' 

D 

N 

D 

R 

R' 

1906 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 

53.8 
62  0 

48.5 

43.9 

18.6 

5.7 

3.6 

1.4 

9.6 

47.4 

55.4 

18.4 
21  5 

17 .8 
20  4 

11.7 
5.1 
3.5 
1.7 
7.3 
20.7 
24.7 

10.8 
12  2 
11.6 
11  6 

11.3 

10.3 

8.4 

8.3 

9.2 

11.8 

13.3 

8.3 
8.8 
8.2 
8.0 
7.8 
7.3 
6.6 
6.7 
6.8 
8.1 
9.0 

-1.3 

-0.3 

j  -0.2 

!  +0.1 

+  1.3 
+  1.0 
-0.8 
-0.8 
—0.3 
+0.1 
+  1.1 

-0.8 
0.0 
+0.1 
-0.4 
+0.9 
+  1.1 
-0.5 
—0.3 
—0.4 
-0.2 
+0.6 

-0.2 
0.0 
-0.1 
-0.2 
+0.4 
+0.4 
—0.3 
—0.1 
—0.3 
—0.2 
+0.4 

+0.1 
+0  3 
0.0 
-0.4 
+0.2 
+0.4 
-0.2 
+0.1 
-0.4 
-0.3 
+0.2 

90  4 

88. .9 
75.8 
83  6 
49.4 
19.0 
13.6 
7.9 
32.0 
90.0 
101.4 

41.9 
44.0 

37 .9 
45.3 

25.2 
10.7 
8.4 
3.8 
14.2 
47.2 
50.3 

Mean 

31.8 

13.9 

10.8 

7.8 

±0.6 

±0.4 

±0.2 

±0.2 

59.3 

29.9 

iV  =  Sun-spot  numbers  according  to  Wolfer. 

-0  =  Average  sun-spot  departures  per  month  according  to 
Bauer,  taken  as  a  new  measure  of  the  Sun's  activity,  or  energy- 
changes. 

20  =  Earth's  magnetic  energyrchanges,  in  units  of  t,  as  determined 
by  Bauer  from  the  absolute  daily  ranges  in  horizontal  intensity 
observed  at  Vieques  (Porto  Rico),  Cheltenham  (Maryland), 
Baldwin  (Kansas),  and  Tucson  (Arizona),  Honolulu  (Hawaii),  and 
Potsdam  (Germany),  taking  all  days  into  consideration.  (See  para- 
graghs  23  and  24.) 

tc''  =  Earth's  magnetic  energy-changes,  in  units  of  c,  as  deter- 
mined by  Bauer  in  the  same  manner  as  was  w,  except  that  only  the 
10  least  disturbed  days  in  each  month  were  taken,  and  in  place  of 
Potsdam,  Sitka  was  used.     (See  paragraphs  23  and  25.) 

i?  =  Sun-spot  ranges  per  month  according  to  Bauer. 

i?'  =  Smc)othed  sun-spot  ranges  per  month,  according  to  Bauer, 
derived  from  pentad  means. 

The  following  equations  were  established  by  the  method  of 
least  squares: 

(1)  w  =   8.98  +  0.057  N]   2z;-  =  7.1;    (2)  w  =  8,31  +  0.179  D;    Sf-  =  3.7 
(3)  7f'=    6.74  +  0.033  iV;    Si'^-  =  0.8;    (4)  7c»' =  6.46  +  0.095  D;    2i>^  =  0.8. 

//  will  he  seen  that  the  w-values  (derived  from  all  days)  may  be 
expressed  in  terms  of  the  D-qnantities  twice  as  well  as  in  terms  of  the  N. 
For  the  w' -values  (derived  from  10  least  disturbed  days),  there  is  but 
little  difference,  whether  we  use  D  or  N  in  the  formula,  howroer,  the 
residuals  (v  =  Obs'd — Comp'd  value)  are  less  systematic  in  their 
run  for  the  formula  (4)  /';/  which  D  appears. 
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III. — MEASURE   OK   TIIK    EARTH's   MAGNETIC   ACTIVITY. 

18.  For  this  purpose  use  will  be  made  of  the  energy,  or  work, 
function,  W,  first  used  by  me  in  terrestrial  magnetism  in  1903'® 
and  later  by  Bidlingmaicr,''^  who  unfortunately,  as  will  be  seen 
later,  made  a  theoretical  slip  in  the  establishment  of  the  expression 
used  by  him  and  his  followers  for  measuring  the  intensity  of  mag- 
netic variations.  W  is  the  well-known  function  in  physics,  express- 
ing the  energy  of  a  distribution  of  forces  in  terms  of  the  field.  It 
is  defined  as  the  sum  total  of  the  magnetic  energy  of  all  the  elements 
of  volume  in  the  space  bounded  by  the  Earth's  surface  and  a  sphere 
of  infinite  radius,  i.  e.,  of  radius  large  enough  that  the  energy  of 
the  excluded  portion  may  be  neglected,  as  due  to  the  field  of  force 
arising  from  the  Earth's  magnetization,  or  causing  a  magnetic 
variation,  or  perturbation. 

The  magnetic  energy  of  an  element  of  volume  in  a  field  of  force 
of  the  kind  here  considered,  may  be  taken  as  proportional  to  the 
square  of  the  force  of  the  field  at  the  point  considered ;  it  represents 
the  amount  of  work  done  to  bring,  for  example,  a  unit  magnetic 
pole  repelled  by  the  field  from  an  infinite  distance  to  the  point. 
The  factor  of  proportionality,  /jl,  is  the  inductivity  or  the  mag- 
netic permeability  of  the  medium;  for  the  space  regarded  it  is 
assumed  that  it  may  be  taken  as  uniform  and  it  is  set  equal  to  unity. 
Were  the  portion  of  space  occupied  by  the  Earth  itself,  also  in- 
cluded, then  fx  could  no  longer  be  regarded  as  uniform.  Owing  to 
our  ignorance  of  the  precise  composition  of  the  Earth's  interior, 
the  law  of  variation  of  fx  is  not  known,  and  there  would,  hence, 
result  expressions  in  the  integral,  representing  W,  which  could  not 
be  evaluated.  W,  therefore,  has  been  confined  to  the  space  outside 
the  Earth,  i.  e.,  above  the  surface. 

19.  The  mathematical  expression  for  the  energy  of  a  field  of 
force  obeying  Newton's  law,  as  will  be  found  from  various  text- 
•books,  is: 

W  =  ^j,xr^dr  (1) 

Where  ^u  =  magnetic  permeability  at  any  point  in  space,  F  =  total 
field-intensity  at  any  point,  x,  y,  z,  and  dT=  dx  dy  dz  =  element 
of  volume.  For  the  reason  already  stated  n  is  set  equal  to  unity. 
Introducing  the  polar  coordinates,  r  (radius  vector),  n  (co-latitude), 

"The  Physical  Decomposition  of  the  Earth's  Permanent  Magnetic  Field  (a.  The  Earth's 
Total  Magnetic 'Energy),  Terr.  Mag.,  vol.  8,  1903,  pp.  99-111. 

"  Ergebnisse  der  magnetischen  Beobachtungen  (Wilhelmshaven)  im  Jahr  1911,  Xeue  Folge, 
Heft  2,  pp.  12-17. 
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and  X  (the  longitude  counted  positive  to  the  eastward),  and  letting 
X,  Y,  and  Z  be  the  rectangular  components  of  the  magnetic  force, 
directed,  respectively  positive  to  the  north,  east,  and  nadir,  and  if 
p  be  the  Earth's  mean  radius  we  ha\e 

^^^  T  X^^'X''  X°^  ^-^''^  F-+Z-)  r'-  sin  //  d\  dii  dr        (2) 

Assuming,  for  the  present,  that  the  magnetic  field  has  a  poten- 
tial,  V,  then  at  any  point  in  the  external  space  considered, 

X=-  —-,  Y=  -  --,  and  ^  =  -  ^- 
ox  dy  az 

Substituting  in  equation  2,  applying  Green's  theorem  to  the  right- 
hand  member,  and  remembering  that,  for  the  space  considered  and 
for  the  assum^ptions  made,  A  F  =  0,  in  accordance  with  Laplace's 
equation'^,  and  also  that  for  both  V  and  Z  vanish  for  r  =  oo,  we 
obtained  as  a  second  expression'^  for  the  energy: 

Stt  Jo      Jo  ^   ^ 

This  integral,  as  well  as  the  one  in  (2),  is  positive,  since  in  accord- 
ance with  the  notation  used,  V  and  Z  are,  at  every  point,  of  oppo- 
site sign.  If  the  dimensions  of  field  intensity  and  of  potential  are 
substituted  in  equation  (2)  or  (3),  it  will  be  found  that  W  has 
correctly  the  dimensions  of  energy  or  work,  [M  L-  T  —  "^]. 

We  thus  have  two  methods  for  computing  W,  namely,  by 
equation  (2)  or  (3),  if  we  know  the  magnetic  potential  V  at  every 
point  for  the  space  considered.  In  my  former  paper-"  are  estab- 
lished the  two  expressions  for  W  in  terms  of  the  coefificients  of  the 
spherical-harmonic  series  representing  V. 

20.  Let  us  suppose  that  we  are  dealing  with  a  very  simple 
magnetic  field,  U,  namely,  one  arising,  for  example,  from  a  uniform 
internal  magnetization  of  the  F^arth,  parallel  to  a  diameter,  so  that 

V=  -y  [?,„  cos  II  -f  (g„  cos  A.  +  //,,  sin  A)  sin  u]  (4) 

1  hen  we  get  the  simple  expression 

w=  f  a'^„+.;'^.+//^,)=  f  (.y^+f=^+  [  zj)=  '^  .  c7^=  j^'  (5) 

G  is  the  quantity  used  by  me  in  various  papers  since  1^14,  and 
termed  the  "local  magnetic  constant";-'  M  is  the  magnetic  moment. 

"  AT'  =  o,  is  also  the  condition  that  If  shall  have  a  minimum  value  for  the  space  considered. 

'»  Terr.  Mag.,  vol.  8,  1903,  p.  101. 

"  Idem,  pp.  102-103. 

"  Terr.  Mag.,  vol.  19.  1914,  pp.  113-116. 
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Now  assume  that  IF  suffers  a  change,  dW,  as  resulting  from  the 
superposition  on  U  oi  3.  subordinate  internal  and  uniform  field, 
dU,  then 

dW=2^{XdX+Yd  Y+\~  ZdZ)  =  24'.  GdG  (6) 

It  will  be  seen  from  (4)  and  (5)  that  if  g^^  =  0,  ;.  e.  if  the  po- 
tential V  resulted  alone  from  an  east-west  magnetization,  so  that 
the  magnetic  forces  along  a  parallel  of  latitude  varied  merely  with 
longitude  (or  time),  then 

W  =  ^~{en^h\,)  =^^R'y  (5a) 

where  R  =  the  range  or  twice  the  amplitude  of  the  variation  with 
longitude  (or  time)  of  the  east-west  component,  Y.     Hence, 

d  IF=~  RydRy  (6a) 

Thus  it  is  seen  how  the  energy-change  may  depend  upon  the 
normal  range,  and  its  variation,  for  a  field  of  force  depending 
simply  upon  longitude,,  or  time.  The  same  expression  may  be 
applied  also  to  the  average  departure,  D,  regardless  of  sign,  of  the 
force  from  its  mean  value  along  the  parallel,  or  for  the  period  of 
the  variation,  as  R  and  D  are,  in  general,  closely  proportional. 

It  will  be  observed  that  in  the  expression  (6)  the  first  powers 
of  the  variations,  dX,  dY,  dZ  occur — not  the  squares  as- is  the  case 
in  Bidlingmaier's  activity  expression.  Furthermore,  the  energy- 
change,  dW,  depends  both  upon  the  field  components,  X,  Y,  and 
Z  and  their  variations.  The  Bidlingmaier  expression,  on  the  other 
hand,  only  contains  the  squares  of  the  variations,  which  fact  alone 
shows  that  the  expression  can  not  be  theoretically  correct;  it  takes, 
for  example,  less  work  in  lifting  a  kilogram  a  meter  high  against 
gravity  at  a  height  one  kilometer  above  the  Earth's  surface  than 
at  the  surface.  The  valuable  papers  by  Chree,"  Hazard,-^  and 
Adolf  Schmidt--*  will  doubtless  cause  the  discard  of  the  Bidling- 
maier activity  function,  with  its  very  laborious  computation- 
method,  and  it  might  not  be  worth  while  to  dwell  further  upon  its 
theoretical  incorrectness  Avere  it  not  for  the  fact  that  the  funda- 
mental error  in  the  deduction  of  the  formula  has  been  completely 
overlooked  hitherto,  and  it  seems  desirable  that  its  repetition  be 
avoided. 

"  Terr.  Mag.,  vol.  22.  1917,  pp.  57-83. 
•■'Terr.  Mag..'vo\.  22,  1917,  pp.  84-86. 
"  Terr.  Mag.,  vol.  25,  1917,  pp.  123-138. 
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21.  Let  TT'o  be  the  value  of  the  magnetic  energy  of  the  field 
at  some  defined  "normal"  stage  or  time  T^,  and  W^,  the  value  at 
the  time  T^,  then,  putting  ix  =  \.  we  obtain  from  (1) 

dW^  T'r,-PFo  =  -^  Jt,"  [{X\-X\)-\-{Y\-Y\)  +  {Z\-Z\y]  dr 

Putting  Xj  =  X„  +  dX,  Y^  =  Y,+  dY,  and  Z,=  Z,^-  dZ,  we  get, 
supposing  with  Bidlingmaier  that,  instead  of  integrating  over 
space,  the  integration  is  performed  over  a  time-interval,  T  —  1\, 
as,  for  example,  a  day: 

dW  =  ^^  j  [2X,  J^  dXdl+...  .[  +  [  J^  (  rfX2+rfF2+^Z2)  rf  /]  \ 

= -^  [(^ '.+ ^ ".) + (^ ;+ ^4 ",)  4-  (^4  '^+ ^  'g] 

where  .4  '^  =  2  Xo  J/^  rfA'<// ;  A  "^  =  f-f  dXMt ;  etc. 

Now  Bidlingmaier  assum_ed  that  the  quantities  A' ^,  A'  .  and 
A'^  vanish  when  for  A'^,  Y^,  and  Z^,  the  respective  mean  values  for 
the  interval  considered,  as  a  day  (24  hours),  are  taken.  This  able 
and  lamented  investigator  unfortunately,  however,  overlooked  the 
fact  that  the  time-intervals,  dt,  must  also  be  reckoned  from  the 
time  to  which  the  assumed  normal  or  mean  value  of  the  magnetic 
element  applies,  not,  necessarily,  from  the  beginning  of  the  interval. 
Thus  while  the  values  of  2iX,  2iF,  2fZ,  for  the  whole  interval 
(day,  for  example),  since  they  are  residuals  from  the  mean  value, 
vanish  theoretically,  this  is  not  the  case  for  '2,'d  X  d  t),  ^{d  Y d  t), 
"Sid  Z  d  t),  if  the  dt  be  properly  reckoned  as  stated;  the  dCs  vary 
in  sign,  as  well  as  the  values  oi  d  X,  d  Y,  and  d  Z.  By  the  over- 
looking of  this  fact,  it  happened  that  in  the  Bidlingmaier  expres- 
sion the  first-power  terms  {A')  of  the  variations,  d  X,  d  Y,  d  Z, 
disappeared  and  only  the  second-power  terms  {A")  remained.  It 
is  because  of  this  circumstance  chiefly  that  the  use  of  the  Bidling- 
maier activity-measure  has  proved  disappointing,  and  has  given 
more  or  less  distorted  quantities,  which  cannot  be  immediately 
interpreted.  It  furthermore  does  not  furnish  the  means  for  ob- 
taining a  combined  activ'ity-measure  for  the  ivhole  Karth,  as  de- 
ri\ed  from  the  activity  measures  at  the  stations  for  which  the  values 
have  been  computed.  As  a  matter  of  fact,  if  the  yl'-terms  are 
properly  computed  the>-  are  found  so  large  in  comparison  with 
yl "-terms,  that  it  is  the  latter  which  may  be  neglected,  not  the 
former.    This  is  in  agreement  with  our  expression  (6). 


SUN'S  ACTIVITY  AND  EARTH'S  ACTIVITY  57 

22.  The  Earth's  permanent  magnetic  field,  as  also  the  systems 
causing  the  magnetic  variations,  are  of  such  a  complex  character 
as  to  require,  in  general,  a  highly  complicated  expression,  contain- 
ing both  potential  and  non-potential  terms,  for  their  complete 
representation.  Fortunately,  it  has  been  found  that  the  simple 
assumption  embodied  in  (6)  suffices  for  most  needful  purposes. 
Accordingly,  we  shall  measure  the  magnetic  energy  involved  during 
any  change  in  the  Earth's  magnetic  state  by  the  equivalent  energy- 
change  if  the  observed  magnetic  variations,  whatever  their  source,  had 
resulted  from  a  change  in  the  uniform  portion  of  the  Earth's  internal 
permanent  magnetic  field.  Whether  the  computed  energy-change 
has  actually  resulted  from  an  internal  potential  system,  or  from  an 
external  potential  system,  or  from  a  non-potential  system,  or  from 
a  combination  of  these  three  systems,  must  be  determined,  in  gen- 
eral, from  an  analysis  of  the  observed  variations,  though  the 
general  concordance  over  the  Earth,  or  the  geographic  \-ariation,  in 
the  computed  values  of  d  W  also  may  furnish  some  idea  as  to  the 
operating  systems. 

23.  How  far  energy-changes,  ascribable  to  an  external  poten- 
tial system,  may  not  be  adequately  represented  by  (6),  depends 
upon  the  factor  {%)  of  the  dZ-terva.  Fortunately  it  turns  out 
that,  excepting  for  stations  of  high  magnetic  latitude,  the  dZ- 
term  is,  in  general,  negligible  in  comparison  to  the  combined 
quantity  (A'  dX-{-YdY  =  Hd  H)  representing  the  energy- 
change  on  account  of  the  variations  in  the  horizontal  components, 
A'  and  F,  or  in  the  horizontal  intensity,  H.  In  fact,  it  is  found,  in 
general,  sufficient,  both  for  theoretical  and  statistical  purposes,  to 
adopt  the  very-quickly  computed  simple  measure: 

u'  =  d  Tr=2  ^'  (A  dX+  YdY)=2-^^HdH=  e.  IldH  (7) 

If  the  absolute  magnetic  quantities  (A',  I'.  Ii)  are  expressed  in 
C.  G.  S.  units  and  the  variations  {d  X,  d  F.  d  H)  in  units  of  7  = 
10-^  C.  G.  S.,  then  the  unit  in  which  w  will  be  expressed  is  c  = 
1.72  X  1021  ergs. 

Equation  (7)  implies  that  the  \ariation.  or  range,  in  H,  as  a 
first  approximation,  is  inverseh'  proportional  to  the  absolute  value 
of  H.  Except  for  severe  disturbances,  experience  shows  that  this 
is  the  case  with  high  approximation.^^  The  same  fact,  however,  is 
not  found  equally  true  of  the  variation,  or  range  in  Z;  here  we  have 

"  This  observational  fact  was  successfully  used  in  the  establisliment  of  expressions  for  the 
diurnal  range  of  the  magnetic  declination  and  of  the  magnetic  inclination  by  the  author,  which 
were  found  to  hold  closely  for  the  greater  portion  of  the-  Earth  (Terr.  Mag.,  vol.  2,  1897.  pp.  70- 
71;  for  lau  in  that  article  read  tan). 
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a  more  complicated  relation,  which  will  be  investigated  later. 
As  already  stated,  in  ordinary  cases,  the  Z-variation  is  found  to  be 
of  such  subordinate  magnitude  to  the  J^-variation  as  to  be  prac- 
tically negligible  in  the  energy-function. 

24.  As  an  application  of  (7)  let  us  suppose,  for  example,  that 
the  absolute  daily  magnetic  range,  R,  in  the  horizontal  intensity 
be  taken,  as  many  investigators  have  done,  for  a  measure  of  the 
variability  of  the  Earth's  magnetism  during  the  year  and  during 
the  sun-spot  cycle.  Then  according  to  (7)  we  shall  take  as  our 
first  measure  of  the  Earth's  magnetic  activity,  or  energy-change, 
H  R,  instead  of  R  alone,  and  thus  quantities  are  obtained  (Table  2. 
second  half)  which  are  fairly  comparable  over  the  major  part  of 
the  Earth.  In  Table  2  are  collected  the  values  of  R  and  iv  for  the 
magnetic  observatories  of  the  United  States  Coast  and  Geodetic 
Survey  and  for  the  Potsdam  Observatory,  for  all  of  which  the  de- 
sired data  were  readily  at  hand;  R  is  here  the  mean  value  for  the 
year  of  the  daily  differences  between  the  two  extreme  values  of 
H,  taking  all  days  into  consideration.  The  approximate  average 
values  of  H,  expressed  in  C.  G.  S.  units,  are  as  follows:  Porto 
Rico  (Vieques),  0.287;  Cheltenham,  0.196;  Baldwin  (discontinued 
after  November,  1909),  0.218;  Tucson  (begun  November,  1909), 
0.272;  Honolulu,  0.291;  Sitka,  0.156;  and  Potsdam,  0.188. 

It  will  be  seen  that,  while  the  values  of  R  for  the  various  sta- 
tions may  differ  50  per  cent,  or  more,  from  one  another,  the  values 
of  -w  at  all  stations  agree  with  each  other,  on  the  average,  within 
about  10  per  cent,  except  for  the  high  northerly  station.  Sitka, 
where  the  effect  of  excessive  disturbance  makes  itself  felt.  For  the 
years  near  sun-spot  minimum  the  values  of  w  at  all  stations  agree 
well  with  each  other.  The  column  of  mean  \alues  of  w  applies 
only  to  the  four  observatories  (Porto  Rico,  Cheltenham,  Baldwin- 
Tucson,  and  Honolulu),  so  as  to  eliminate  the  effect  of  the  excessive 
disturbances  observed  at  Sitka.  It  will  be  seen  that  the  \'alucs  for 
Potsdam  agree  closely  with  these  mean  values;  in  fact,  an  examina- 
tion of  the  values  of  w  shows  that  a  fair  value  for  the  entire  Earth 
may  be  obtained  from  a  single  observatory  situated  in  moderate 
magnetic  latitude. 

25.  If  instead  of  determining  the  mean  (lail\-  absolute  range 
from  all  days  of  the  year  we  take  only  the  10  least  disturbed  days 
for  each  month,  as  selected  by  Mr.  Hazard  for  the  Coast  and 
Geodetic  Survey  obser\'atories,  lable  3  is  obtained.  It  will  now 
be  seen  that  all  stations,  including  Sitka,  gi\e  \alucs  of  ic  agreeing, 
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T.VBLE  2. — //  absolute  daily  ranges  and  corresponding  energy-changes,-1905-1920, 

for  the  Coast  and  Geodetic  Survey  observatories  and  for  Potsdam, 

taking  all  days  into  consideration. 


Year 

H  Absolute  Daily  Range  =  R 

Energy-Change  =  w  =   e  HR 

(Mid.) 

P.R. 

Che. 

Bal. 

Tuc. 

Hon. 

Sit. 

P.R. 

Che. 

B.T. 

Hon. 

Mean 

Pot. 

Sit. 

1905 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

7 

35.5 
35.2 
41.9 
37.5 
42.7 
39.8 
35.8 
32.4 
29.7 
31.0 
41.8 
43.4 
45.6 
51.2 

7 

62.1 
56.1 
60.2 
60.9 
58.4 
57.2 
53.0 
41.6 
44.2 
48.3 
63.2 
75.0 
75.2 
76.1 
76.2 
68.4 

7 

56.4 
48.1 
55.8 
54.9 
55.2 

7 

44^0 
43.7 
32.6 
32.8 
36.6 
47.6 
53.4 
53.9 
56.0 

7 

38.8 
37.9 
42.4 
42.4 
40.3 
38.8 
33.6 
28.9 
28.0 
31.6 
39.9 
46.1 
51.6 
52.4 

7 

96.0 

71.3 

100.2 

93.3 

100.2 

119.4 

100.8 

55.2 

53.0 

65.2 

117.5 

144.8 

160.2 

183.1 

10.4 

10.3 

12.2 

10.9 

12.3 

11.5 

10.3 

9.3 

8.5 

8.8 

11.8 

12.2 

12.8 

14.3 

€ 

12.5 
11.2 
12.0 
12.1 
11.6 
11.3 
10.4 
8.2 
8.7 
9.4 
12.3 
14.5 
14.4 
14.5 
14.6 
13.1 

6 

12.3 
10.5 
12.2 
11.9 
12.0 
12.1 
11.9 
8.9 
8.9 
10.0 
12.9 
14.5 
14.6 
15.1 

11.3 

11.1 

12.4 

12.4 

11.7 

11.3 

9.8 

8.4 

8.1 

9.2 

11.6 

13.4 

14.9 

15.1 

11.6 

10.8 

12.2 

11.8 

11.9 

11.6 

10.6 

8.7 

8.6 

9.4 

12.2 

13.6 

14.2 

14.8 

e 

11.7 

10.6 

12.4 

10.9 

10.4 

10.2 

9.2 

7.4 

7.3 

8.2 

10.3 

12.2 

12.2 

e 
14.9 
11.1 
15.5 
14.5 
15.6 
18.6 
15.7 
8.6 
8.3 
10.2 
18.3 
22.6 
25.0 
28.6 

20 

T.\BLE  3. — H  absolute  daily  ranges  and  corresponding  energy-changes,  1905-1920, 

for  the  Coast  and  Geodetic  Survey  observatories,  taking  only  the  ten  least 

disturbed  days  each  month. 


Year 

H  Absolute  Daily  Range  =  R 

Energy-Change  =  iv  =  e  HR 

(Mid.) 

P.R. 

Che. 

Bal. 

Tuc. 

Hon. 

Sit. 

P.R. 

Che. 

B.T. 

Hon. 

Sit. 

Mean 

1905 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

7 

26.9 
27..  3 
28.7 
26.6 
27.4 
26.1 
26.4 
26.7 
24.0 
21.9 
28.3 
27.9 
32.2 
33.9 

7 

50.1 
47.4 
48.7 
45.2 
43.1 
43.2 
40.3 
36.8 
39.8 
40.4 
47.7 
55.4 
56.8 
55.5 
51.5 
48.2 

7 

45.9 
40.9 
43.9 
41.2 
39.3 

7 




'28'4 
27.8 
24.5 
25.5 
25.7 
31.8 
33.5 
36.2 
34.2 

7 

30.5 
29.5 
31.6 
29.8 
29.1 
27.2 
24.2 
21.5 
22.9 
24.5 
26.5 
31.3 
37.2 
36.0 

7 
47.1 
40.5 
46.9 
44.3 
41.8 
45.2 
41.8 
32.1 
33.7 
36.3 
43.3 
51.1 
56.8 
57.0 

e 
7.9 
8.0 
8.4 
7.7 
7.9 
7.5 
7.6 
7.6 
6.8 
6.2 
8.0 
7.9 
9.0 
9.5 

10.1 
9.5 
9.7 
9.0 
8.6 
8.6 
7.9 
7.2 
7.8 
7.9 
9.3 
10.7 
10.9 
10.6 
9.8 
9.1 

10.0 
8.9 
9.6 
8.9 
8.5 
7.8 
7.6 
6.7 
6.9 
7.0 
8.6 
9.1 
9.8 
9.2 

8^9 
8.6 
9.2 
8.7 
8.5 
7.9 
7.0 
6.3 
6.7 
7.1 
7.7 
9.1 
10.8 
10.4 

e 
7.3 
6.3 
7.3 
6.9 
6.5 
7.1 
6.5 
5.0 
5.3 
5.  7 
6.8 
8.0 
8.9 
8.9 

8.*8 
8.3 
8.8 
8.2 
8.0 
7.8 
7.3 
6.6 
6.7 
6.8 
8.1 
9.0 
9.9 
9.7 

20 
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in  general,  within  about  8  per  cent;  accordingly,  for  this  table  the 
mean  values  apply  to  all  the  observatories  of  the  Coast  and  Geo- 
detic Survey,  inclusive  of  Sitka.  The  values  of  w  for  Potsdam 
could  not  be  included  in  Table  3,  as  the  absolute  ranges,  R,  are  not 
given  for  the  10  least  disturbed  days  per  month  in  the  Potsdam 
publications,  as  they  are  in  the  observatory  publications  of  the 
Coast  and  Geodetic  Survey.  This  will  be  a  fitting  occasion  to  make 
acknowledgment  of  the  readiness  and  promptness  with  which 
desired  magnetic  data  have  been  furnished  by  the  Coast  and 
Geodetic  Survey. 

26.  The  results  stated  in  paragraphs  24  and  25  show  that 
the  simple  measure  (7)  ordinarily  suflfices  to  give  a  fair  idea  of  the 
energy-change.  For  excessive  disturbance,  a  cursory  examination 
shows  that  ic  may  be  measured  more  nearly  by  a  quantity,  approx- 
imating to  H"  d  H,  thus  revealing  the  cflect  of  harmonics  of  higher 
order  than  the  first.  Probably  if  the  diurnal  range  is  deduced  not 
from  the  momentary  extreme  values  of  H  for  the  day,  but  from  the 
60-minute  mean  hourly  values,  the  simple  measure  HdH  will  be 
found  amply  sufficient.  This  quantity  may  be  used  also  in  reducing 
the  so-called  magnetic  character-numbers  to  a  more  common  and 
comparable  basis,  than  is  the  case  now;  this  will  be  the  subject  of 
a  later  paper. 

It  is  of  interest  to  compare  the  H-vdhies  of  R  and  ii'  for  two  such 
widely  distant  stations  as  Cheltenham,  Maryland,  and  \\'atheroo, 
Western  Australia,  which  are  almost  antipodal  to  one  another. 
The  quantities  for  Watheroo  are  preliminary  ones  pending  final 
reduction. 

T.\BLE  4.  —  Comparison   of  H  absolute  daily  ranges  and  corresponding  energy- 
changes  at  Cheltenham,  Maryland,  and  Watheroo,  Western  Australia. 


For  All  Days  in  Month 

P'or  10  Least  r3isturbed  Days 
in  Month 

Year 

Chelte 

nham 

Watheroo 

Cheltenham 

Watheroo 

R 

w 

R 

w 

R 

w 

R 

w 

1919 
1920 

7 

76.2 
68.4' 

14.6 
13.1 

7 

53.7 
45.3 

13.4 
11.4 

7 

51.5 
49.1 

e        1        7 
9.8         36.6 
9.3         29.8 

t 
9.2 
7.4 

Means 

72.3 

13.8 

49.5 

12.4 

50.3 

9.5 

33.2 

8.3 

While  the  absolute  daily  ranges,  R,  for  Cheltenham  and  Watheroo, 
whether  we  take  all  days,  or  merely  the  ten  least  disturbed  days 
in  each  month  into  consideration,  are  in  the  ratio  of  1.5  :  1,  the 
values  of  iv  are  in  the  ratio  of  1.1  :  1,  hence  they  arc  practically 
identical  for  the  two  widely-apart  stations. 

Other  applications  of  the  energy  function  will  be  given  in  a 
later  paper.    Figs.  II,  IV-VI  show  some  of  the  results  obtained. 
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(1)  Wolfer  Observed  Sun-spot 
Numbers 


[Z]   Observed  Sun-spot  Numbers 
less  Five-Year  Meams 


(3)  Magnetic  Energy-Chaonges 
less  Five-Year  Means 


(4)  Solar  Energy -Changes 

less  Five-Year  Means 


'^'  Solar  Prominence  Frequencies 

less  Five-Year  Means 

(Kpdaikanal ) 

(6)  EartU  Currents  (WE)  less 

Five-Year  Means (Ebro) 

(7)  Earth  Currents  (NS)  less  Five 
Year  Means  (Ebro  ;Curve  Inverted) 


8)  Electric  Potential-Gradients 
less  Five-Year  Means 


jfmamjjasohd 


Fig.  V. — Comparison  of  Solar  Activity  and  Terrestrial  Activity  for  1915. 

(See  p.  62.) 
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Fig.  V  represents  our  first  attempt  to  show  a  direct  relationship  between 
solar  activity,  terrestrial  magnetism,  earth-currents,  and  atmospheric  electricity, 
from  month  to  month,  for  the  year  1915.  In  order  to  eliminate  as  well  as  possible 
an  annual  variation  in  any  of  the  phenomena,  the  5-year  monthly  means  of  the 
quantities  compared  for  the  period  1913-1917  were  subtracted  from  the  cor- 
responding monthly  means  for  1915.  It  will  be  seen  that  curves  (1)  and  (2) 
show  a  crest  or  the"  sun-spot  maximum  for  1915  in  July.  However  the  geophys- 
ical curves  (3),  (6),  (7)  and  (8)  all  unite  in  showing  a  crest  in  June,  followed  by 
a  trough  in  August.  The  same  features  are  also  shown  by  curve  (4),  which  rep- 
resents our  /^-measure  (see  paragraph  17)  of  solar  activity,  as  also  by  the  solar- 
prominence  curve  (5).  Thus  by  means  of  our  measure  of  solar  aclivity  there  has 
been  disclosed  a  striking  parallelism  betiveen  solar  activity,  terrestrial  magnetism, 
earth-currents  and  atmospheric  electricity,  which  is  not  disclosed  by  the  sun-spot  curve. 


1919 
J V__M_Jl_I)i |J— J — A — 5 — 0— K — P 


ICO 


+  P") 


+4 


+12 


[2  J  obaervad  Sun-spot  NUmbera  less 

Pi'ovibioruil   C-Year  Means 


(1)  Wolfer  Observed  Sun-spot 
Numbers  (Monthly  Means) 


(3)  Jia^netlc  IJnergy-ChcOitjes   loss 
Provijional  5-Year  Means 
(Cheltenham  J 


(4)   solar  Energy-Changes  less 
Provisional  '-Year  Means 


5j   Solar  Piomlnoa.TO  Froiaenclea 
iHJd   Pioviblocal  fz-Yoar   Means 
(Kodalkanal } 


Fig.  VI.- 


-Preliminary  Comparison  of  Solar  Activity  and  Terrestrial 
Activity  for  1919. 


Fig.  \T  represents  a  similar  attempt  for  1919  with  the  aid  of  the  quantities 
at  hand.  The  annual  variation  was  provisionally  eliminated  by  combining  the 
5-year  monthly  means,  1913-1917,  with  the  3-year  monthly  means,  1918-1920, 
and  subtracting  the  combined  means  from  the  respective  monthly  means  for  1919. 
//  xvill  be  seen  that  while  there  is  no  satisfactory  correspondence  between  the  sun-spot 
curves  {1  and  2)  and  the  magnetic  curve  (J)  for  1919,  there  is  a  good  general  agree- 
ment between  the  latter  and  curve  (4),  representing  our  D-measure  of  solar  activity. 
For  this  particular  year  it  will  also  be  seen  that  the  solar-prominence  curve  (5), 
except  for  the  October- December  portion,  would  not  have  revealed  a  satisfactory 
direct  relation  between  the  Earth's  magnetic  activity  and  solar  activity. 
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IV. — RELATIONS    BETWEEN   SOLAR  ACTIVITY  AND  THE   EARTH 's   .^L^G- 
NETIC    AND    ELECTRIC   ACTIVITY. 

jSummary.l 

27.  In  order  that  the  present  paper  may  not  be  unduly  !ong, 
it  will  be  possible  to  give  now  only  an  abstract  of  the  investigations 
in  progress  in  the  Department  of  Terrestrial  Magnetism  con- 
cerning the  relations  between  solar  activity,  terrestrial-magnetic 
phenomena,  and  phenomena  in  terrestrial  electricity  (polar  lights, 
atmospheric  electricity,  and  earth-currents).  The  advantages  of 
such  a  joint  treatment,  which  may  possibly  later  also  include 
certain  meteorological  phenomena,  are  making  themselves  evident 
in  various  ways.  Some  relations  between  terrestrial  magnetism  and 
atmospheric  electricity  were  already  brought  out  in  the  author's 
recent  paper. ^^  In  the  present  paper  further  relations  of  impor- 
tance are  disclosed.     Fuller  publication  must  be  deferred. 

28.  Certain  connections  between  sun-spot  activity,  dis- 
turbances of  the  Earth's  magnetism,  earth-currents,  and  polar 
lights  have  been  worked  out  by  various  investigators.  The  severe 
magnetic  disturbances,  brilliant  polar-light  displays,  and  earth- 
currents  of  May  13-16,  1921,  which  accompanied  the  remarkable 
sun-spot  activity  at  the  time  have  drawn  renewed  attention  to  the 
relationships  between  these  four  classes  of  natural  phenomena. 
It  is  now  found,  apparently  definitely,  that  there  is  a  fifth  natural 
phenomenon — atmospheric  electricity — with  which  an  interesting 
and  suggestive  relationship  with  solar  activity  exists.  Owing  to 
the  many  disturbances  to  which  the  atmospheric-electric  elements 
are  subject,  as  for  example  during  cloudy  and  rainy  weather,  it  has 
been  more  difficult  to  establish  the  existence  of  definite  variations 
of  the  chief  atmospheric-electric  elements  during  the  well-known 
sun-spot  cycle  of  somewhat  over  11  years  than  in  the  case  of 
magnetic  effects,  earth-currents  and  polar  lights.  A  half  century 
ago  Quetelet  (Brussels)  and  Wisclizenus  (St.  Louis)  believed  to  have 
obtained  some  definite  results  showing  a  variation  in  the  potential- 
gradient  dependent  upon  sunspottedness.  Howe\"er,  owing  to 
the  uncertainty  of  results  obtained  by  the  instrumental  methods 
available  at  that  time  and  because  of  the  necessity  of  thoroughly 
eliminating  the  numerous  disturbances  dependent  upon  meteor- 
ological conditions,  these  previous  results  ha\e  not  been  accepted 
and  modern  treatises  of  atmospheric  electricity  omit  mention  of 
any  possible  relation  between  atmospheric  electricity  and  solar 
activity.     The  present  results  are  based  upon  atmospheric-electric 

"  On  vertical  electric  currents  and  the  relation  between  terrestrial  magnetism  and  atmospheric 
electricity,  Terr.  Mag.,  vol.  25,  1920,  pp.  156-162. 
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data  obtained  chiefly  at  four  European  observatories  (Kew, 
Kremsmiinster,  Del  Ebro,  and  Eskdalemuir)  between  1898  and  1919, 
the  combined  data  in  the  case  of  the  potential-gradient  thus  cover- 
ing about  two  sun-spot  cycles.  (See  Fig.  VII,  2,  3,  4,  and  5.)  Recent 
.observations  on  board  the  Carnegie  also  indicate  a  decrease  in  the 
electric  potential-gradient  since  1917,  when  sun-spot  activity  was 
at  a  maximum.  It  is  believed  that  the  results  as  stated  later 
under  29  C,  together  with  those  referred  to  in  paragraph  3,  will 
have  an  important  bearing  upon  theories  of  atmospheric  electricity. 
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Fig.  \II. — \'ariation  of  the  Electric-Potential  Gradient  and  of  its  Diurnal 
Range  during  Sun-spot  Cycle.     (See  also  Figs.  IV  and  V.) 
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29.  Thv  chief  results  thus  far  obtainetl  from  some  of  the 
investigations  in  progress  in  the  Department  of  Terrestial  Magnet- 
ism may  be  summarized  as  follows: 

A.     Solar  Activity. 
(Figs.  II-IV.) 

a.  Instead  of  using  the  sun-spot  numbers  direct  for  comparison 
with  magnetic  and  electric  variations,  it  is  found  that  a  more 
satisfactory  measure  of  solar  radiations  and  emanations  affecting 
the  Earth's  magnetic  and  electric  conditions  may  be  based  upon 
the  solar-rotation  range  of  sun-spot  frequency,  or  upon  some 
quantity  indicative  of  the  rate  of  change,  or  variability  of  sun- 
spottedness  during  the  Sun's  rotation.  It  is  found,  in  general, 
sufificient  to  use  for  this  purpose  a  series  of  monthly  numbers  which 
represent  the  average  departures  of  the  daily  sun-spot  numbers 
from  their  respective  monthly  means,  regardless  of  sign.  As  a 
first  attempt  these  numbers  are  regarded  as  a  measure  of  the 
energy  expended,  or  work  done,  by  the  Sun  during  periods  of  ac- 
tivity of  interest  here;  they  are  briefly  termed  the  "solar-energy 
numbers"  and  are  designated  by  D,  to  distinguish  them  from  the 
sun-spot  numbers,  N,  themselves.  For  short  periods  especially, 
as  for  example  a  month,  the  solar-energy  numbers  are  found  de- 
cidedh"  superior  to  the  sun-spot  numbers,  or  other  measures  of 
solar  activity  hitherto  used.  Further  improvement  in  the  measure 
D,  may  be  found  possible  by  taking  into  account  certain  types  of 
solar  prominences. 

b.  The  absolute  range  in  sun-spottedness  during  a  solar- 
rotation  period  approaches  in  magnitude  the  range  in  sun-spotted- 
ness during  the  11-year  cycle. 

c.  A  discussion  of  the  sun-spot  numbers  lor  the  period  of  44 
years,  1877-1920,  indicates  the  existence  of  an  annual  periodicity 
in  sun-spottedness,  consisting  mainly  of  a  single  wa\'e,  the  minimum 
occuring  about  the  time  (January)  when  the  Earth  is  nearest  to  the 
Sun,  and  the  maximum  occurring  on  the  average  in  July  when  the 
Earth  is  farthest  away  from  the  Sun ;  the  average  difference  between 
minimum  and  maximum  is  about  6  sun-spot  numbers.  There  is 
thus  given,  seemingly,  support  to  the  results  of  others  with  regard 
to  a  possible  harth-ehect  on  various  solar  phenomena  and  to  the 
view  of  possible  planetary  influence,  in  general.  The  solar-rotation 
ranges  of  sun-spottedness  for  the  35-year  periofl,  1886-1920,  show  a 
similar  annual  periodicity  to  that  just  described  for  the  sun-spot 
numbers.     (Cf.  g.) 

d.  The  solar-prominence  frequencies  observed  at  Palermo 
and  Catania  according  to  a  uniform  method  from  1881-1916,  and 
including  prominences  extending  30"  and  more  beyond  the  Sun's 
limb,  show .  an  annual  periodicity  of  a  double-wave  character; 
the  maxima   occur   in    March   and   August,   or   near   the   Earth's 
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equinoctial  months,  and  the  minima  in  January  and  May,  or  near 
the  Earth's  solstitial  months.  This  annual  periodicity  is  closely 
analogous  to  that  of  terrestrial  magnetic  disturbances,  as  well  as  to 
that  of  polar  lights  in  moderate  latitudes  of  the  Earth. 

e.  The  solar-energy  numbers  (see  a)  for  the  35-year  period, 
1886-1920,  show  an  annual  periodicity  partaking  of  a  combined 
character  of  that  shown  by  sun-spots  and  of  the  solar  prominences 
referred  to  in  d.  There  are  two  pronounced  maxima  in  March  and 
October,  with  an  intermediate  maximum  in  July;  the  minima 
occur  in  January,  April,  and  September. 

/.  The  foregoing  results  may  suggest  a  reflex  electrical  effect 
exerted  by  the  Earth  having  a  damping  effect  upon  sun-spotted ness. 
This  effect  may  be  associated  with  the  Earth's  electric  condition. 
Thus  during  the  month  (January)  when  polar  lights  are  in  general 
most  frequent  in  polar  regions,  and  when  the  atmospheric  potential- 
gradient,  and  probably  also  the  vertical  conduction-current,  is  at  a 
maximum  in  high  latitudes,  sun-spottedness  is  less  than  the  average 
for  the  Earth's  year;  about  the  time  (July)  when  polar  lights  are 
less  frequent  in  polar  regions,  and  when  the  atmospheric  potential- 
gradient  in  high  latitudes  passes  through  its  minimum  \alue,  then 
sun-spottedness  is  highest,  on  the  average,  for  the  year.  But  this 
hypothesis  must  be  regarded  only  as  a  tentative  one,  especially  in 
view  of ,?. 

.?.  The  mean  monthly  sun-spot  numbers  for  the  two  70-year 
periods,  1851-1920  and  1781-1850,  show  an  apparent  annual 
periodicity  opposite  in  phase;  for  the  first  perio  1  it  is  of  the  char- 
acter described  in  r,  whereas,  for  the  seconi  periofl  it  is  of  the  re- 
verse character;  accordingly,  for  tie  140-year  period,  1781-1920, 
the  apparent  annual  perio  icity  is  almost  eliminated.  The  periods 
here  of  concern  also  occur  in  terrestrial  magnetism. 

h.  The  heliographic  distribution  of  prominences,  extending 
30"  or  more  beyond  the  Sun's  limb  is  similar,  in  general,  to  that 
shown  by  the  vertical  electric  currents  obtained  from  line-integrals 
of  the  Earth's  magnetic  force.  Solar  prominences  and  sun-spots 
may  be  found  to  be  related  to  each  other  as  though  they  are  counter- 
part effects  of  some  general  system  of  electric  currents  on  the  Sun 
of  the  general   character  indicated. 

i.  The  D,  or  R,  measures  of  solar  activity  derived  first  from 
the  Wolfer  sun-spot  numbers  for  1919  and  1920,  and  second  fiom 
the  series  of  solar-constant  values,  obtained  by  the  Smithsonian 
Institution  at  ('alama,  ('hile,  for  the  same  two  years,  show  a  very 
satisfactory  general  agreement,  especially  after  the  first  half  of 
1919,  when  the  observational  methods  for  determining  the  solar- 
constant  values  had  been  perfected. 
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B.     Terrestrial  Magnetism  ajid  Earth-Currents. 
(Figs.  II-VI.) 

a.  A  simple  and  rapidly  computed  quantity  has  been  de- 
duced which  is  found  to  serve  satisfactorily,  in  general,  as  a  measure 
of  the  energy-change,  w,  experienced  by  the  Earth  during  a  mag- 
netic change,  or  variation,  v.  This  quantity  as  a  first  approximation 
may  be  set  equal  to  eHz',  where  H  is  the  horizontal  intensity  at  the 
observing  station,  v  is  the  observed  magnetic  variation,  or  range 
in  the  variation  and  e  is  a  numerical  factor  (see  section  23).  The 
values  of  iv  are  found  so  closely  similar  at  stations  widely  distributed 
over  the  Earth,  that  quite  satisfactory  values  for  comparison  with 
solar  changes,  for  example,  may  be  obtained  at  a  single  magnetic 
observatory  situated  in  modern  latitudes. 

h.  The  Earth's  magnetic  energy  and  average  intensity  of  mag- 
netization, as  well  as  the  strength  of  the  normal  electric  currents 
circulating  in  the  Earth's  crust,  suffer  a  diminution  during  in- 
creased solar  activity.  The  electric  currents  induced  in  the  Earth 
during  periods  of  increased  solar  activity  are  in  general  reversed 
in  direction  to  the  normal  currents,  the  strength  of  these  super- 
posed currents  increasing  with  increased  solar  activity. 

c.  The  diurnal  rangs  of  the  strength  of  earth-currents,  as  in  the 
case  of  the  diurnal  ranges  of  the  Earth's  magnetic  elements  in- 
creases with  increased  solar  activity;  at  time  of  maximum  activity 
the  range,  as  shown  by  the  observations  at  the  Observatorio  del 
Ebro,  Tortosa,  Spain,  1910-1919,  was  about  50  percent  higher 
than  during  the  time  of  minimum  solar  activity. 

d.  The  magnetic  effect  running  a  concomitant  course  with  the 
solar-activity  cycle  is  retarded,  on  the  average,  about  one  year  so 
that  there  is  a  residual,  or  an  acyclic,  effect  at  the  end  of  the  cycle. 
The  actual  amount  of  retardation,  in  general,  increases  with  in- 
tensity of  the  Sun's  activity  or  energy.  This  lag  in  the  magnetic 
effect  may  be  accounted  for  by  the  fact  that  the  electric  currents 
generated  inside  the  Earth  during  magnetic  storms  and  magnetic 
variations  continue  for  some  time  after  the  apparent  cessation  or 
diminution  of  solar  activity,  or  after  the  period  of  the  variation 
experienced.  The  same  lag  is  shown  by  polar-light  frequencies  at 
times  of  maximum  solar  activity. 

C.  Atmospheric  Electricity. 
(Figs.  I,  IV,  V,  and  VII.) 
a.  On  fine-weather,  or  electrically-calm,  days  the  atmospheric 
potential-gradient,  or  the  deduced  negative  charge  on  the  surface  of 
the  Earth,  increases  with  increased  solar  activity,  the  range  in  the 
variation  between  minimum  and  maximum  solar  activity  being 
about  20  per  cent.  The  electric  conductivity  of  the  atmosphere,  on 
the  other  hxind,  shows  but  little,  if  any,  systematic  variation  during 
the  solar  cycle.  Accordingly,  since  the  vertical  conduction-current 
of   atrrosphcric   electricity    is   derived    from    the   product   of    the 
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potential-gradient  and  the  electric  conductivity,  it  is  found  that 
this  vertical  current  also  increases  in  strength  with  increased  solar 
activity.  It  would  thus  appear  that  atmospheric  electricity,  like 
terrestrial  magnetism,  is  controlled  by  cosmic  factors.  The  results 
derived  here  may  have  an  important  bearing  upon  theories  of  at- 
mospheric electricity. 

b.  The  diurnal  range  of  the  electric  potential-gradient  as 
deduced  from  the  observations  on  the  electrically-calm  days,  made 
at  the  Observatorio  del  Ebro,  Tortosa,  Spain,  1910-1919,  is  found 
to  increase  with  solar  activity;  the  minimum  occurred  in  1911  and 
the  maximum  in  1917,  whereas  the  sun-spot  minimum  occurred  in 
1912  and  the  maximum  in  1917.  The  range  between  minimum  and 
maximum  diurnal  range  is  about  25  per  cent.  (It  appears  probable 
that  the  same  fact  just  stated  for  the  potential  gradient  will  also 
be  found  true  for  the  vertical  conduction-current.) 

c.  As  known,  the  annual  variation  in  the  electric  potential- 
gradient  for  certain  low-latitude  stations  in  the  Southern  Hemisphere, 
shows  a  reversed  character  to  that  found  at  stations  in  higher 
latitudes,  north  and  south.  Thus  for  the  latter  stations,  in  both 
hemispheres,  including  Arctic  and  Antarctic  regions,  the  electric 
potential-gradient  has  a  maximum  value  about  December-January, 
and  a  minimum  value  about  lune-August:  for  the  former  the  maxi- 
mum potential-gradient  for  the  principal  wave,  on  the  a\erage  for 
several  years,  occurs  about  July,  and  the  minimum  in  January. 
The  distribution  of  vertical  currents  required  to  explain  these 
annual-variation  phenomena  is  of  the  same  general  character  as 
that  of  the  vertical  currents  obtained  from  the  line-integrals  of 
the  Earth's  magnetic  force  (page  33).  The  annual  variation  of  at- 
mospheric electricity,  on  account  of  its  extremely  large  range  and 
peculiar  geographic  variation,  is  even  of  greater  importance  than 
is  the  diurnal  variation  in  the  reduction  to  a  common  epoch  of  such 
world-wide  ol)ser\'ations  as  are  IxMr^v  r^ade  aboard  the  Corneoje; 
this  subject  accordingly  is  receiving  further  in\estigation. 

d.  The  data  from  45  practically  complete  series  of  diurnal- 
variation  observations  aboard  the  Carneiiie,  1915-1921,  representing 
a  general  distribution  over  most  of  the  accessible  ocean  areas 
indicate,  as  a  preliminary  result,  that  the  chief  component  of  the 
diurnal  variation  of  the  electric  potential-gradient  over  the  major 
portion  of  the  Karth  is  a  wa^'e  of  24-hour  period  which  occurs 
approximately  simultaneo.isly  in  all  localities.  (This  result  is  in 
accordance  with  the  recent  re  kictionsby  S.  J.  Mauchly,  referred  to  in 
paragraph  3 ;  there  are  also  indications  that  approximately  the  same 
result  may  be  found  to  apply  to  the  vertical  conduction  current.) 
Dep.vrtment  of  Terrestrial  Magnetism, 

Carnegie  Institltion  of  Washington. 


BIOGRAPHICAL  SKETCH  OF  ERNST  LEYST.^ 

Ernst  Leyst  was  born  at  Reval  on  January  7,  1852,  as  the  son 
of  poor  parents.  While  a  student  he  refused  an  excellent  offer 
which,  though  freeing  him  from  all  material  cares,  would  have  led 
to  a  purely  civilian  career.  He  attended  the  University  of  Dorpat 
where  he  supported  himself  by  giving  private  lessons,  so  that  only 
after  four  years  of  study  did  he  succeed  in  passing  the  final  ex- 
amination. He  then  went  to  Petrograd  where  for  several  years  he 
was  engaged  at  the  Physical  Central  Observatory.  Here  he  had 
the  advantage  of  coming  to  the  notice  of  Wild  and  was  placed  by 
the  latter  in  charge  of  the  newly  established  observatory  at  Pavlovsk, 
a  position  which  Leyst  held  for  10  years.  In  1894  he  become  pro- 
fessor of  geophysics  at  Moscow  where  he  remained  for  24  years; 
during  the  latter  part  of  this  period  he  was  assistant  rector.  In 
Moscow,  Leyst  has  built  up  a  magnificent  geophysical  institute 
which  may  serve  as  a  model  for  other  similar  establishments. 

Leyst's  very  numerous  and  valuable  publications  deal  with  the 
subjects  of  meteorology  and  terrestrial  magnetism.  They  are  con- 
tained in  the  Bulletins  of  the  Petrograd  Academy,  and  later  in  the 
Xachrichten  der  Moskauer  Naturforschergesellschaft;  they  are 
partly  in  Russian  and  partly  in  German.  Especially  notable  among 
his  various  publications  are  his  investigations  of  the  Kursk  magnetic 
anomaly,  of  the  magnetism  of  the  planets;  of  the  variation  of  the 
meteorological  elements  in  relation  to  the  condition  of  the  weather, 
and  of  the  optical  phenomena  of  the  heavens. 

During  the  latter  few  years  of  his  life,  Leyst  was  greatly  dis- 
turbed by  the  political  conditions  in  Russia  and  lived  in  great  dis- 
tress. In  the  summer  of  1918  he  went  to  Xauheim  (Tannus)  seeking 
relief.  During  his  stay  at  Nauheim,  his  death  occurred  on  Sep- 
tember 13,  1918. 

'  Communicated  by  Dr.  A.  Xippoldt  of  Potsdam,  who  also  supplied  the  portrait  \vhi:h  is  re- 
produced in  this  issue  of  the  Journal  through  the  courtesy  of  the  photographers.  Becker  and 
Maass  of  Berlin.  All  those  who  had  the  privilege  of  having  known  Leyst  will  greatly  lamtrnt  his 
death. — Ed. 
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NOTES 

1.  Corrigenda,  Magnetic  Observations  in  Madagascar,  1901.  Referring  to 
the  table  of  "Results  of  Magnetic  Observations  in  Madagascar  made  in  1901  by 
P.  Colin,"  published  in  Terr.  Mag.,  vol.  8,  p.  187,  Mr.  Frederick  Brown,  ob- 
server of  the  Department  of  Terrestrial  Magnetism,  in  sending  an  extract  from 
this  table  for  reference,  states  that  the  extract  was  "copied  from  Pere  Colin's  offi- 
cial summary  at  the  Observatory  Tananarive,"  and  adds  the  following  comment: 
"This  summary  has  already  been  published  in  Terr.  Mag.,  vol.  8,  No.  4.  The 
values  of  H  as  published,  however,  are  erroneous,  Pere  Colin  having  subsequentl\? 
discovered  errors  in  the  computation  due  to  a  mistake  in  the  number  of  oscilla- 
tions." A  comparison  of  the  corrected  values  supplied  by  Mr.  Brown  with 
those  published  in  the  table  shows  that  the  tabular  values  are  just  ten  per  cent 
too  small;  that  is,  that  each  should  be  multiplied  by  the  factor  1.1111. 

2.  Corrigenda.  Wolfer  Sun-spot  Numbers.  According  to  A.  VVolfer's  note 
in  the  Meteorologische  Zeitschrift  for  1919,  p.  35,  the  following  corrections  in  the 
provisional  sun-spot  numbers  are  required  (see  T.  M.,  vol.  23,  p.  136,  and  vol. 
24,  p.  43):  The  mean  number  for  February,  1918,  should  be  63.4  instead  of 
83.4;  the  number  for  April  11,  1918,  should  be  85  instead  of  35. 

3.  Hansteen's  "Magnetismiis  der  Erde,"  Erster  Theil  Christiania,  1819.  Pro- 
fessor J.  F.  Schroeter,  director  of  the  University  Observatory  at  Christiania, 
writes  under  the  date  of  May  28,  1921:  "The  Observatory  has  in  stock  plenty 
of  copies  of  Hansteen's  "Magnetismus  der  Erde,"  Erster  Theil,  and  will  be  glad 
to  send  a  copy  to  any  one  who  may  make  direct  application  to  me." 

4.  Earthquake  and  Electric  Storm  Records,  December,  1920,  and  January, 
1921,  at  the  Watheroo  Magnetic  Observatory.  'Captain  Edward  Kidson,  at  the 
time  observer-in-charge  at  the  Watheroo  Magnetic  Observatory  of  the  Depart- 
ment of  Terrestrial  Magnetism,  reported  that  on  December  16,  1920,  an  earth- 
quake was  recorded  on  the  horizontal-intensity  magnetogram.  The  record  be- 
gan at  20''  27""  (standard  time,  120th  meridian  east)  and  continued  until  21'' 
02'",  the  maximum  amplitude,  near  the  beginning,  reaching  1.9  mm.  No  effects 
could  be  recognized  on  the  declination  or  vertical-intensity  magnetograms.  He 
further  reported  that  during  the  occurrence  of  some  severe  thunderstorms  in 
the  neighborhood  of  the  Observatory  on  the  afternoons  of  January  16  and  17, 
1921,  a  number  of  records  of  the  accompanying  electrical  effects  were  made  on 
the  magnetograms.  These  are  the  more  pronounced  on  January  17,  when  both 
declination  and  horizontal-intensity  curves  are  affected.  In  one  instance  an 
oscillation  of  not  less  than  87  (4.5  mm)  was  produced  on  the  horizontal-intensity 
trace. 

5.  La  Quiaca  Observatory,  Argentina.  Mr.  George  O.  Wiggin,  chief  of  the 
Meteorological  Office  of  Argentina,  states  in  a  letter  dated  December  28,  1920, 
that  the  magnetographs  have  been  in  successful  operation  at  the  La  Quiaca 
Observatory  since  December  1,  1920.  The  magnetic  work  at  the  Orrados  Ob- 
servatory  of  the  Meteorological  Office  of  .Argentina  is  apparently  to  be  continued. 

6.  Belgian  National  Committee  of  Geodesy  and  Geophysics.  This  national 
committee  of  the  International  (ieodetic  and  (ieophysical  I'nion  was  organized 
under  the  auspices  of  the  Class  of  Sciences  of  the  Royal  Academy  of  Belgium. 
Its  officers  and  members  are  as  follows:  President,  P.  Stroobant,  associate 
director  of  the  Royal  Observatory  at  Brussels,  member  of  the  Royal  Academy 
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of  Belgium;  vice-President,  J.  Jaumotte,  director  of  the  Royal  Meteorological 
Institute  df  Belgium,  at  Uccle;  secretary,  M.  Dehalu,  professor  at  the  University 
of  Liege.  Other  members  are:  Giuseppe  Cesaro,  de  Gerlache  de  Gomery;  A.  Her- 
mant,  Eug.  Lagrange;  G.  Lecointe;  C.  Le  Paige;  Max  Lohest,  Maury;  H.  Selig- 
mann;  O.  Somville,  and  E.  Vanderlinden. 

7.  Geophysical  Section  of  National  Research  Council  of  Japan.  According 
to  information  recently  received  from  Professors  Tanakadate  and  Okada  the 
membership  is  as  follows:  A.  Tanakadate,  president;  K.  Nakamura,  vice- 
president;  F.  Omori,  T.  Terada,  A.  Imamura,  T.  Shida;  K.  Otani,  T.  Okada, 
Major  General  H.  Matumura,  and  Rear  Admiral  S.  Inudzuka. 

8.  Neiv  Zealand  Astronomical  Society.  According  to  information  received 
from  Dr.  C.  E.  Adams,  government  astronomer  and  seismologist  of  New  Zealnnd 
this  society  was  recently  established,  and  it  is  proposed  as  soon  as  possible  to 
incorporate  the  Society  under  an  Act  of  Parliament.  It  is  further  hoped  "that 
the  Astronomical  Society  will  be  able  to  establish  branches  of  the  International 
Astronomical  Union  and  the  International  Geodetic  and  Geophysical  Union." 
The  members  include  Dr.  Adams,  Dr.  C.  C.  Farr,  Professor  E.  Marsden,  and 
practically  all  the  astronomers  and  physicists  of  New  Zealand. 

9.  Annual  Meeting  of  the  American  Geophysical  Union,  1921.  A  successful 
annual  meeting  was  held  at  Washington,  April  18-20,  192 L  Each  of  the  seven 
sections  (geodesy,  seismology,  meteorology,  terrestrial  magnetism  and  electricity, 
oceanography,  volcanology,  and  geophysical-chemistry)  held  separate  sessions 
on  April  18  and  19,  at  which  papers  and  reports  were  presented.  It  is  proposed 
to  publish  these  under  the  auspices  of  the  National  Research  Council.  On 
April  20,  a  joint  meeting  of  all  the  sections  was  held  for  the  discussion  of  topics 
of  common  interest. 

The  officers  of  the  Union  for  July,  1921,  to  June  30,  1922,  are:  William 
Bowie,  chairman;  Louis  A.  Bauer,  vice-chairman;  W.  J.  Humphreys,  secretary. 
The  officers  of  the  section  of  terrestrial  magnetism  and  atmospheric  electricity 
for  July,  1921,  to  June  30,  1922,  are:  Louis  A.  Bauer,  chairman; 
W.  F.  G.  Swann,  vice-chairman,  J.  A.  Fleming,  secretary. 

The  papers  and  reports  presented  at  the  meeting  of  the  section  of  terrestrial 
magnetism  and  electricity,  held  in  the  asesmbly  room  of  the  Carnegie  Institu- 
tion of  Washington,  in  the  evening  of  April  19,  were  as  follows:  5.  J.  Barnett: 
A  sine  galvanometer  for  determining  in  absolute  measure  the  horizontal  intensity 
of  the  Earth's  magnetic  field;  D.  L.  Hazard:  Concerning  the  Earth's  magnetic 
activity  in  1915;  L.  A.  Bauer:  On  measures  of  the  Earth's  magnetic  and  electric 
activity  and  correlations  with  solar  activity;  W.  F.  G.  Swann:  The  penetrating 
radiation  and  its  bearing  upon  the  Earth's  electric  field;  S.  J.  Maiichiy:  Recent 
results  of  the  diurnal-variation  observations  of  the  atmospheric-electric  poten- 
tial-gradient aboard  the  Carnegie. 

10.  Continuation  of  Samoa  Observatory.  According  to  the  latest  advices, 
the  New  Zealand  Government  has  made  all  necessary  arrangements  and  pro- 
visions for  the  continuation  of  the  magnetic  and  seismic  work  of  the  Samoa 
Observatory  at  Apia.  Dr.  Angenheister  left  Apia  in  July  and  returned  to 
Gcittingen,  Germany,  via  the  United  States.  Unfortunately,  owing  to  the  heavy 
expenses  which  had  to  be  met  for  all  purposes,  the  New  Zealand  government 
did  not  have  available  at  present  funds  also  for  the  observational  work  in 
atmospheric  electricity  and  meteorology.    Accordingly,  Dr.  H.  M.  W.  Edmonds, 
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of  the  Department  of  Terrestrial  Magnetism,  was  stationed  at  Apia  for  the 
continuation,  during  the  balance  of  the  present  year,  of  the  latter  work  and 
for  the  purpose  of  taking  charge  of  the  Department's  secular-variation  work  in 
the  Pacific  Ocean.  He  arrived  at  Apia  the  latter  part  of  June.  Mr.  C.  J.  West- 
land,  of  New  Zealand,  succeeds  Dr.  Angenheister  in  the  charge  of  the  Observ- 
atory. The  New  Zealand  government's  action  and  the  untiring  efforts  of  the 
New  Zealand  committee  should  be  made  matters  of  record,  as  also  the  faithful 
and  valuable  work  done  by  Dr.  Angenheister,  1914-1921. 

11.  Magnetic  Work  of  MacMillan  Baffin  Land  Expedition.  This  expedition 
left  Wiscasset,  Maine,  about  the  middle  of  July,  1921,  on  the  specially-built 
schooner  Bowdoin,  under  the  leadership  of  Dr.  Donald  B.  MacMillan,  well- 
known  for  his  Arctic  work.  Besides  geographic  and  ethnological  work,  arrange- 
ments have  been  entered  into  with  the  Department  of  Terrestrial  Magnetism 
for  co-operative  work  in  terrestrial  magnetism,  atmospheric  electricity,  and 
polar  lights.  The  chief  instrumental  equipment  is  supplied  by  the  Department, 
and  accessory  instruments  have  been  loaned  by  the  Coast  and  Geodetic  Survey, 
the  Weather  Bureau,  the  Signal  Corps,  and  the  Bureau  of  Standards.  The  chief 
observers,  besides  Dr.  MacMillan,  will  be  G.  Dawson  Howell,  Jr.,  and  R.  H. 
Goddard,  both  of  whom  have  received  training  in  their  respective  duties  at  the 
Department  of  Terrestrial  Magnetism. 

While  at  winter-quarters,  near  the  vicinity  of  Fury  and  Hecla  strait,  con- 
tinuous observations  in  terrestrial  magnetism  and  electricity  will  be  carried  out 
for  a  period  of  about  eight  months.  Special  observations  of  polar  lights  will  be 
made,  and  the  Stoermer  method  of  photographic  determination  of  the  heights  of 
the  aurora  will  be  employed.  A  magnetic  survey-trip  to  the  Magnetic  North 
Pole  may  also  be  attempted.  The  program  of  scientific  work  has  been  arranged 
as  nearly  as  possible  in  conformity  with  that  of  the  stations  established  in  co- 
operation with  the  Amundsen  Arctic  Expedition. 

Dr.  MacMillan  is  planning  to  return  to  the  United  States  in  the  fall  of 
1922,  though,  if  the  ice  conditions  prevent,  he  will  be  prepared  to  remain  in  the 
Arctic  another  year. 

12.  Amundsen  Arctic  Expedition.  Captain  Roald  Amundsen  returned  to 
Nome,  Alaska,  in  June,  1921,  his  vessel,  the  Maud,  having  been  disabled  in  the 
ice.  According  to  cablegram  received  from  him,  he  plans  to  have  the  vessel 
towed  to  Seattle  for  repairs  next  fall,  and  hopes  to  resume  his  Arctic  expedition 
in  June,  1922.  The  Norwegian  storthing  has  voted  him  a  sum  of  500,000  kroner 
for  re-outfitting  and  continuing  his  Arctic  work.  While  his  party  was  detained 
on  the  east  coast  of  Siberia  a  magnetic  survey  was  made  during  the  winter  of 
1920-1921. 

13.  Personalia.  We  regret  to  note  the  following  deaths:  In  1918,  Ernst 
Jegorovic  Leyst,  professor  of  physical  geography,  meteorology-,  and  geomag- 
netism, at  the  University  of  Moscow,  Russia,  and  author  of  many  valuable 
papers  on  geophysical  subjects;  T.  de  Azcarate,  January  25,  1921,  at  the  age  of 
seventy-one,  for  the  past  eighteen  years  successful  director  of  the  San  F"ernando 
Observatory,  Spain;-  Wilhelm  Trabert,  February  24,  1921,  at  the  age  of  fifty- 
eight,  formerly  director  of  the  Zentralanstalt  fur  Meteorologie  at  Vienna,  and 
professor  of  cosmicai  physics  at  the  Vienna  University,  and  author  of  various 
important  publications  on  geophysical  subjects.  (For  sketch  of  life,  see  Met. 
Zs,  March,  1921,  pp.  83-85. 


LIST  OF  RECENT  PUBLICATIONS 


A.      Terrestrial  and  Cosmical  Magnetism. 

Agincourt  and  Meanook  Observatories.  Magnetic  disturbances.  August- 
December,  1920.  Toronto,  J.  R.  Astr.,  Soc.  Can.,  v.  14,  1920  (380,  431- 
432);  V.  15,  1920  (40,  81);  v.  15,  1921  (121). 

Angenheister,  G.  Der  jahrliche  Gang  der  erdmagnetischen  Aktivitat.  S.-A., 
Gottingen,  Nachr.  Ges.  Wiss.,  Math.-phys.  Kl.,  1920,  6  pp.  [Cf.  Terr. 
Mag.,  V.  25,  53-56.] 

Antipolo  Observatory.  Hourly  results  of  the  observations  made  at  the  Mag- 
netic Observatory  of  Antipolo,  near  Manila,  P.  I.,  during  the  calendar 
year  1914.  (Part  iv  of  the  annual  report  of  the  Weather  Bureau  for  the 
year  1914.)     Manila,  Bureau  of  Printing,  1919,  47  pp.     29  cm. 

Antipolo  Observ.\torv.  Hourly  results  of  the  observations  made  at  the  Mag- 
netic Observatory  of  Antipolo,  near  Manila,  P.  I.,  during  the  calendar 
year  1915.  (Part  iv  of  the  annual  report  of  the  Weather  Bureau  for  the 
year  1915.)     Manila,  Bureau  of  Printing,  1920,  47  pp.     29  cm. 

Barnett,  S.  J.  Molecular  and  cosmical  magnetism.  Nature,  London,  v.  107, 
Mar.  3,  1921  (8-9). 

Bauer,  L.  A.  Some  of  the  chief  problems  in  terrestrial  magnetism  and  elec- 
tricity. Proc.  Nation.  Acad.  Sci.,  Washington,  D.  C.,  v.  6,  No.  10,  Oct., 
1920  (572-580).  [Address  before  Annual  Meeting  of  American  Geophysical 
Union,  held  at  W^ashington,  April,  1920;  also  issued  separately.] 

B.\UER,  L.  A.  Annual  report  of  the  Director  of  the  Department  of  Terrestrial 
Magnetism,  Carnegie  Institution  of  Washington,  1920.  Repr.  Washington, 
D.  C,  Carnegie  Inst.,  Year  Book  No.  19  (277-320,  with  2  pis.).  25  cm. 
[Contains  plate  showing  the  magnetic  work  of  the  Department  of  Terrestrial 
Magnetism,  1905-1920  (October).] 

Bauer,  L.  A.  The  eclipse  magnetic  systems  of  May  29,  1919.  Abstr.  Physic. 
Rev.,  Lancaster,  Pa.,  Ser.  2,  v.  17,  No.  3,  Mar.,  1921  (426-427). 

Bauer,  L.  A.  The  systems  of  magnetic  forces  during  the  solar  eclipse  of  May 
29,  1919.  Abstr.  Pop.  Astr.,  Northfield,  Minn.,  v.  29,  No.  3,  March,  1921 
(150-151). 

Bayer,  A.  Vergleichende  Untersuchung  der  erdmagnetischen  Aktivitat  an  drei 
Stationen  der  Nord-  und  Siidhemisphare.  (Inaugural-Dissertation,  Miin- 
chen,  1914.)  Erlangen,  K.  B.  Hof-  und  Universitats-Buchdruckerei  von 
Junge  &  Sohn,  1915  (iv  -\-  87  mit  2  taf.).    22>^  cm. 

Bemmelen,  W.  van.  De  seculaire  verandering  der  aardmagnetische  declinatie, 
inclinatie  en  horizontale  intensiteit  in  de  westelijke  helft  van  den  O.  I. 
Archipel  gedurende  het  tijdvak  1905-1916,  18.  Batavia,  Nat.  Tijdschr., 
Deel  79,  Afl.  3,  1919  (202-204  met  1  kaart). 

Bemmelen,  W.  v.\n.     Een  wereldwerk  voor  aardmagnetisme  en  atmosferische 
electriciteit.     Natuur,  Utrecht,  Jaarg.  41,  Afl.  1,  15  Januari  1921  (1-8). 
10  73 


74  RECENT  PUBLICA  TIONS      [Vol.  XXVI.  Xos.  l  and  2] 

Chapman,  S.  Molecular  and  cosmical  magnetism.  Nature,  London,  v.  107, 
Mar.  3,  1921  (9). 

Chree,  C.  a  comparison  of  magnetic  declination  changes  at  British  observa- 
tories.   London,  Proc.  R.  Soc,  A.,  v.  98,  No.  A694,  Mar.  3,  1921  (411-414). 

Chree,  C.  The  magnetic  storm  of  May  13-17  (1921).  Nature,  London,  v.  107, 
No.  2690,  May  19,  1921  (359). 

Copenhagen.     Det  Danske  Meteorologiske  Institut.  Magnetisk  aarbog.     An- 

nuaire  magnetique.   1918     Kjebenhavn,  G.  E.  C.  Gad,   1920  (11  avec  12 

pis.)-     32  cm. 
CoRTiE,  A.  L.     Sun-spot  areas  and  terrestrial  magnetic  horizontal  ranges  and 

disturbances.     Observatory,  London,  v.  44,  No.  562,  Mar.,   1921   (91-92). 
CoRTiE,  A.  L.    The  great  sun-spot  and  magnetic  disturbances,  May-8-21  (1921). 

Nature,  London,  v.  107,  No.  2692,  June  2,  1921  (426-427). 

De  Bilt,  Meteorological  and  Magnetical  Observatory.  Annuaire.  Soixante- 
dixieme  annee.  1918.  B.  Magnetisme  terrestre.  (K.  Nederlandsch  Meteor. 
Inst.  No.  98.)     Utrecht,  Kemink  &  Zoon,  1919  (xii  -f  34).    32^  cm. 

Dieterle,  R.  Ein  hochempfindliches  astatisches  Torsionsmagnetometer* 
Zs.  Instrumentenk.,  Berlin,  41.  Jahrg.,  3.  Heft,  Marz,  1921  (89-91). 

Dufour,  Ch.  Valeurs  des  elements  magnetiques  a.  I'Observatoire  du  Val-Joyeux 
au  ler  Janvier  1921.  Paris,  C.-R.  Acad,  sci.,  T.  172,  No.  3,  17  Janvier  1921 
(167-168). 

DuNOYER,  L.  L'exploration  magnetique  des  continents  et  des  mers.  Rev 
Universelle,  Paris,  T.  5,  No.  3,  ler  mai  1921  (364-372). 

Ferr.-vz  de  Carv.\lho,  a.  O  magnetismo  terrestre  em  Coimbra.  Resumo  das 
observagoes  de  53  anos  (1868-1918).  Coimbra,  Imprensa  Academica» 
1920  (21  -H  xv).    22  cm. 

Flajolet,  Ph.  Forte  perturbation  magnetique  des  14-15  mai  1921.  Paris, 
C.-R.  Acad,  sci.,  T.  172,  No.  22,  30  mai  1921  (1372-1373). 

Gollnitz,  O.  Die  magnetische  Vermessung  des  sachsischen  Staatsgebiets. 
Abstr.  Met.  Zs.,  Braunschweig,  Bd.  37,  Heft  5,  Mai,  1920  (140-142). 

Hazard,  D.  L.  Results  of  observations  made  at  the  United  States  Coast  and 
Geodetic  Survey  Magnetic  Observatory,  near  Honolulu,  Hawaii,  1917  and 
1918.  Washington,  D.  C,  Dept.  Comm.,  U.  S.  Coast  Geod.  Surv.,  1920 
(104,  with  23  figs.).    29  cm. 

Hazard,  D.  L.  Results  of  observations  made  at  the  United  States  Coast  and 
Geodetic  Survey  Magnetic  Observatory,  near  Tucson,  Arizona,  1917  and 
1918.  Washington,  D.  C,  Dept.  Comm.,  U.  S.  Coast  Geod.  Surv.,  1921 
(101,  with  23  figs.).     29  cm. 

Hazard,  D.  L.  Results  of  obscr\ations  made  at  the  United  States  Coast  and 
Geodetic  Survey  Magnetic  Observatory  at  Sitka,  .Alaska,  1917  and  1918. 
Washington,  D.  C,  Dept.  Comm.,  U.  S.  Coast  Good.  Sur\ .,  1921  (102,  with 
2i  figs.).     29  cm. 

H.\Z.\RD,  D.  L.  Results  of  magnetic  observations  made  by  the  I'nited  States 
Coast  and  Geodetic  Survey  in  1920.  Washington,  D.  C.,  Dept.  Comm., 
U.  S.  Coast  Geod.  Surv.,  Spec.  Pul).  No.  72,  1921  (1  2).     2?>  cm. 


RECENT  PUBLICATIONS  75 

HiNTiKKA,  E.  A.  Observations  magnetiques  faites  a  Kumlinge  a  I'occasion  de 
leclipse  totale  du  soleil  le  21  aout  1914.  Helsingfors,  Helsingin  Uusi  Kir- 
japaino  Osakeyhtio,  1915  (18  avec  1  pi.)-    24  cm. 

Hongkong,  Royal  Observatory.  Monthly  meteorological  bulletin,  December, 
1920.  Containing  detailed  results  of  observations  made  at  the  Royal  Ob- 
servatory-, Hongkong,  and  the  daily  weather  reports  from  various  stations 
in  the  Far  East.  Prepared  under  the  direction  of  T.  F.  Claxton,  Director. 
Hongkong,  Xoronha  &  Co.,  Govt.  Printers,  1921  (ca.  64  pp.  with  2  pis.) 
32  cm.     [Contains  "Results  of  Magnetic  Observations,  1920."] 

Hongkong,  Royal  Observatory.  Report  of  the  Director  of  the  Royal  Ob- 
servatory, Hongkong,  for  the  year  1920.  (T.  F.  Claxton,  Director.)  Hong- 
kong, Xoronha  «&  Co.,  1921,  17  pp.     24  cm. 

Indl\,  Survey  of.  Records  of  the  Survey  of  India,  Volume  XIV  (supplementary 
to  general  report  1918-19).  Annual  reports  of  the  parties  and  offices  1918- 
1919.  Prepared  under  the  direction  of  Colonel  C.  H.  D.  Ryder,  C.  I.  E., 
D.  S.  O.,  R.  E.,  Sur\^eyor  General  of  India.  Dehra  Dun,  Office  Trigonomet- 
rical Sun.-.,  1920  (113  with  charts  and  illus.).  34  cm.  [Pp.  71-93  contain 
account  of  Magnetic  Survey  and  mean  values  of  the  magnetic  elements  at 
the  various  observatories  for  1918.] 

Jenkins,  W.  A.  On  the  determination  of  "H."  Phil.  Mag.,  London,  v.  41, 
Xo.  243,  Mar.,  1921  (454-462). 

Keranen,  J.  Results  of  magnetic  observations  in  1914  in  Xorth  Finland. 
Helsingfors,  Helsingin  Uusi  Kirjapaino-Osakeyhtio,  1917  (13  with  4  pis.). 
32  cm. 

Keranen,  J.  Resultate  magnetischer  Beobachtungen  in  Jahre  1911  im  nord- 
lichen  Finnland  und  an  der  Kiiste  des  Finnischen  Meerbusens.  Helsingfors, 
Helsingin  Uusi  Kirjapaino-Osakeyhtio,  1918  (28).    32  cm. 

Keranen,  J.  Resultate  magnetischer  Beobachtungen  im  Jahre  1912  in  zwei 
Teilen  des  nordlichen  Finnlands  und  an  der  sudlichen  Ost-Kuste  des  Bott- 
nischen  Meerbusens.  Helsingfors,  Helsingin  Uusi  Kirjapaino-Osakeyhtio, 
1918  (18).     32  cm. 

Keranen,  J.  Results  of  magnetic  observations  in  1913  in  Xorth  Finland  and 
at  the  northermost  repeat  stations  of  the  Magnetic  Survey  of  Finnland. 
Helsingfors,  Helsingin  Uusi  Kirjapaino-Osakeyhtio,  1917  (14  with  4  pis.). 
32  cm. 

KuHLBRODT,  E.  Die  erdmagnetische  Vermessung  der  Weltmeere.  Ann.  Hy- 
drogr.,  Berlin,  Jahrg.  49,  Heft  1,  1921  (18-22  mit  1  Tafel). 

LjuNGDAHL,  G.  S.  Magnetiska  deklinationsbestamningar  ar  1919  i  Stockholms 
Xorra  Skargard.  Stockholm,  Kungl.  Xautisk-Meteorologiska  Byran,  1920 
(19  med  2  kartor).     30  cm. 

Lyot,  B.  Aurore  boreale  dans  la  nuit  du  14  au  15  mai  et  phenomenes  magnetiques 
simultanes.    Paris,  C.-R.  Acad,  sci.,  T.  172,  Xo.  20,  17  mai  1921  (1230-1231). 

Magnetic  Storms.  Cause  of  magnetic  storms.  (Subject  discussed  at  meeting 
for  the  discussion  of  geophysical  subjects,  held  December  3,  1920.)  Ob- 
servatory, London,  v.  44,  Xo.  560,  Jan.,  1921  (24-27). 

Magnetisme  Terrestre.  Magnetisme  terrestre.  Paris,  Bui.  soc.  astr.  France, 
35e  annee,  mai  1921  (207-208).  [Contains  figure  showing  the  course  of  the 
magnetic  declination  since  the  first  measurements  made  at  Paris.] 


76  RECENT  PUBLICA  TIONS       (Vol.  XXVI.  Nos.  l  and  2] 

Mauritius.  Results  of  magnetical,  meteorological  and  seismological  observa- 
tions for  the  months  November,  1919,  to  October,  1920.  New  series  (monthly) 
V.  5,  parts  11  and  12;  v.  6,  parts  1  to  10.  Royal  Alfred  Observatory,  Mau- 
ritius (A.  Walter,  Director,  and  M.  Koenig,  Acting  Director).  Mauritius, 
Govt.  Press,  1919,  1920,  il  cm. 

Mauz,  E.  Kritisches  zur  Messung  der  Horizontalintensitat.  Physik.  Zs.,  Leip- 
zig, 22  Jahrg.,  No.  1,  1  Januar  1921  (11-15). 

Meteorological  Office.  Hourly  values  from  autographic  records:  1917. 
Comprising  hourly  readings  of  terrestrial  magnetism  at  Eskdalemuir  Ob- 
servatory and  summaries  of  the  results  obtained  in  terrestrial  magnetism, 
meteorology,  and  atmospheric  electricity  chiefly  by  means  of  self-recording 
instruments  at  the  observatories  of  the  Meteorological  Office.  (British 
Meteorological  and  Magnetic  Year  Book,  1917.  Part  iv.)  London,  Meteor- 
ological Office,  1920  (91  with  3  pis.).    31  cm. 

Meteorological  Office  Observatories-Geophysical  Journal.  Daily  values 
— solar  radiation,  meteorology,  atmospheric  electricity,  terrestrial  mag- 
netism, seismology.  Units  based  on  C.  G.  S.  system.  Ninth  year,  Nos. 
4-12,  Apr.-Dec,  1919;  Tenth  year,  No.  1,  Jan.,  1920.  London,  Meteoro- 
logical Office,  1920-1921.    31  cm. 

Mitchell,  A.  C.  The  magnetic  storm  of  May  13-17,  1921.  Nature,  London, 
v.  107,  No.  2691,  May  26,  1921  (392-393). 

MoLiN,  K.  Erdmagnetische  Ergebnisse.  (Wissenschaftliche  Ergebnisse  der 
Schwedischen  Siidpolar-Expedition  1901-1903,  unter  Leitung  von  Dr. 
Otto  Nordenskjold,  Bd.  I,  Lieferung  5.)  Stockholm,  Lithographisches 
Institut  des  Generalstabs,  1920  (172  mit  1  Tafel  u.  1  Karte). 

NiPPOLDT,  A.  Normalwerte  der  erdmagnetischen  elemente  in  Potsdam  fiir  das 
Jahr  1915.     Met.  Zs.,  Braunschweig,  Bd.  H,  Heft  4,  April,  1916  (172). 

NiPPOLDT,  A.  Ergebnisse  der  deutschen  erdmagnetischen  Aufnahme  in  den 
Balkanlandern  in  den  Jahren  1917-18.  Met.  Zs.,  Braunschweig,  Bd.  36, 
Heft  3  4,  Marz-April  1919  (56-58). 

NiPPOLDT,  A.  Die  taglichen  Veranderungen  des  Erdmagnetismus.  Petermanns 
geog.  Mitt.,  Gotha,  66  Jahrg.,  Okt.-Nov.,  1920  (231-232). 

Ottawa,  Department  of  the  Interior.  Annual  report  of  the  Topographical 
Surveys  Branch,  1918-19.  Ottawa,  Dept.  of  Int.,  Sessional  Paper  No.  25a, 
1920  (46  with  1  map  in  pocket).  25  cm.  [On  p.  31  appears  a  brief  account 
of  the  magnetic  work.] 

Sanford,  R.  L.  Testing  of  magnetic  compasses.  Washington,  D.  C,  U.  S. 
Dept.  Comm.,  Bur.  Standards,  Sci.  Paper  No.  382,  June  18,  1920  (Repr. 
Bull.  Bur.  Standards,  v.  16,  pp.  273-279  with  4  figs.). 

Sanford,  F.  The  electrostatic  changes  of  the  earth  and  sun  and  their  relation 
to  terrestrial  magnetism.  .-Xbstr.  Physic.  Rev.,  Lancaster,  Pa.,  Ser.  2,  v. 
17,  No.  2,  Feb.,  1921  (243-245). 

Sanford,  F.  Diurnal  variations  in  terrestrial  magnetism  and  in  the  electrical 
potential  of  the  earth.  Abstr.  Physifc.  Rev.,  Lancaster,  Pa.,  Ser.  2,  v.  17, 
No.  4,  Apr.,  1921  (513-514). 

Sanford,  F.  '  Sun  spots  and  terrestrial  magnetic  storms.  Abstr.  Physic.  Rev., 
Lancaster,  Pa.,  Ser.  2,  v.  17,  No.  4,  Apr.,  1921  (517-518). 


RECENT  F  UBLICA  TIONS  77 

Schmidt,  Ad.  Die  erdmagnetische  Storung  am  17.  Juni  1915  in  Potsdam  und 
Seddin.     Met.  Zs.,  Braunschweig,  Bd.  33,  Heft  1,  Januar  1916  (25-29). 

Schmidt,  Ad.  Ergebnisse  der  magnetischen  Beobachtungen  in  Potsdam  und 
Seddin  im  Jahre  1917.  Berlin,  Veroff.  met.  Inst.,  Nr.  306,  1920  [16  +  (16) 
mit  1  Tafel  u.  10  Kurvenblattern].     32}4  cm. 

Schmidt,  Ad.  Die  erdmagnetische  Sakularvariation.  Physik.  Zs.,  Leipzig, 
Jahrg.  22,  No.  5,  1921  (152-159). 

Stoxyhurst  College  Observ.\tory.  Results  of  meteorological  and  mag- 
netical  observations,  1920.  With  report  and  notes  of  the  Director,  Rev. 
A.  L.  Cortie.     Blackburn,  Thomas  Briggs,  Ltd.,  1921  (xvii  +  39).     18  cm. 

ToRTOS.\,  Observatorio  del  Ebro.  Boletin  mensual  del  Observatorio  del 
Ebro.  [v.  11,  Nos.  4-9,  Apr.-Sept.,  1920.]  Tortosa,  Imprenta  Moderna 
del  Ebro  de  Alguero  y  Baiges,  1920,  1921,  32  cm. 

United  States  Coast  and  Geodetic  Survey.  Annual  report  of  the  Director, 
L'nited  States  Coast  and  Geodetic  Survey,  to  the  Secretary-  of  Commerce 
for  the  fiscal  year  ended  June  30,  1920.  Washington,  D.  C,  Dept.  Comm., 
U.  S.  Coast  Geod.  Surv.,  1920  (173  with  61  illus.).  23  cm.  [Contains  gen- 
eral account  of  the  magnetic  work  of  the  Coast  and  Geodetic  Survey  and 
sketch  showing  the  magnetic  stations  occupied  during  the  fiscal  year  ended 
June  30,  1920.] 

VaisAla,  V.  Ergebnisse  erdmagnetischer  Beobachtungen  ausgefiihrt  in  den 
Jahren  1912-1914  im  nordlichen  Karjala  und  Savo  in  Finnland.  (Meteorol. 
Zentralanstalt  des  Finnischen  Staates.  Erdmag.  Untersuchungen  Nr.  8.) 
Kuopio,  O.-Y.  Kirjapaino  Sanan  Yalta,  1920  (41).    32  cm. 

Vleuten,  a.  van.  Over  de  dagelijksche  veriatie  van  het  Aardmagnetisme. 
Abstr.  Met.  Zs.,  Braunschweig,  Bd.  35,  Heft  5/6,  Mai-Juni,  1918  (153-154). 

Walter,  M.  Sonnenfiecken  und  Erdbeben  nebst  einigen  Begleiterscheinungen. 
Pforzheim,  Pforzheimer  Anzeiger,  Nr.  77,  1916.       2.     Blatt.  8°. 

Watanabe,  N.  An  electric  magnetometer  for  traveling.  Tokyo,  Proc.  Phys.- 
Math.  Soc.  Japan,  Sen  3,  v.  2,  No.  10,  Nov.,  1920  (210-223). 

Wiechert,  E.  XYH.  Bericht  iiber  das  Samoa-Observatorium  fiir  das  Jahr 
1916,  17.    Gottingen,  Nachr.  Ges.  Wiss.,  Geschaft.  Mitt.,  Heft  1,  1917  (9). 

Wiechert,  E.  XVIII.  Bericht  iiber  das  Samoa-Observatorium  fiir  das  Jahr 
1918  19.     Gottingen,  Nachr.  Ges.  Wiss.,  Geschaft.  Mitt.  1919  (45). 

Wiechert,  E.  XIX.  Bericht  iiber  das  Samoa-Observatorium  fiir  das  Jahr 
1919/20.    Gottingen,  Nachr.  Ges.  Wiss.,  Geschaft.  Mitt.,  1920  Heft  1  (44). 

Zi-k.\-wei,  Observatoire  de.  Observations  magnetiques  faites  a  I'Observa- 
toire  de  Lu-kia-pang.  Tome  VII.  Annee  1914.  Zi-ka-wei — Chang-hai, 
Imprimerie  de  la  Mission  Catholique,  1921  (88  avec  pis.).     31  cm. 

B.     Cosmical  Electricity  and  Radioactivity. 

Breyer,  R.  Das  Gefalle  des  atmospharischen  Potentials  im  Jahre  1913  und  der 
Zusammenhang  der  schnellen  Potentialschwankungen  mit  den  luftelek- 
trischen  Empfangsstorungen.  (Inaugural-Dissertation,  Universitat  Halle- 
Wittenberg.)  Halle  a.  S.,  Hofbuchdruckerei  von  C.  A.  Kaemmerer,  1914 
(24  mit  4  Tafeln).     29  cm. 

Chree,  C.  Recent  work  on  aurora.  Meteor.  Mag.,  London,  v.  56,  No.  664, 
May,  1921  (85-87  with  illus.). 


78  RECENT  PUBLIC  A  TIONS      [Vol.  XXVI.  Xos.  l  and  2] 

Downey,   K.   Melvina.     The  variation  of  the  residual  ionization  in  air  with 

pressure.     Abstr.  Physic.  Rev.,  Lancaster,  Pa.,  Ser.  2,  v.  17,  No.  3,  Mar., 

1921  (389-390). 
FoRBiN,  V.     Les  auroras  boreales.     Leurs  photographies.     Nature,  Paris,  49e 

annee,  No.  2460,  28  mai  1921  (344-348). 
GsCHWEND,  P.    Beobachtungen  iiber  die  elektrischen  Ladungen  einzelner  Regen- 

trofen  und  Schneeflocken.      Abstr.  Met.  Zs.,   Braunschweig,   Bd.  38,  Heft 

4,  April,  1921  (124-125). 
Hanzlik,  St.     Die  Schwankungen  der  atmospharischen  Durchscheinregistrier- 

ungen  in  Prag.     Met.  Zs.,  Braunschweig,  Bd.  35,  Heft  12,  Jan.-Fev.,  1918 

(52-53). 
Hellmann,   G.      Ueber  die   angebliche   Zunahme   der   Blitzgefahr.      Met.    Zs., 

Braunschweig,  Bd.  34,  Heft  10/11,  Okt.-Nov.,  1917  (359-363). 
Herath,  F.     Luftelektrische  Hohenbeobachtungen  mittels  Fesselaufstiegen  in 

Lindenberg.     Met.   Zs.,   Braunschweig,   Bd.  37,   Heft    12,   Dezember  1920 

(343-344). 
Hess,  V.  F.    Ueber  die  Verteilung  der  radioaktiven  Substanzen  in  und  uber  dem 

Meere.     Wien,  SitzBer.  Ak.  Wiss.,  Math.-naturw.  Kl.,  Abt.  Ha,  127.  Bd., 

8.  Heft,  1918  (1297-1313). 
Hess,  V.  F.,  u.  M.  Kofler.     Beobachtungen  der  durchdringenden  Strahlung 

auf  dem  Obir  (2044  m).    S.-A.,  Wien,  Jahrb.  Zentr.-Anst.  Met.  Geodynamik, 

jahrg.  1915,  1918  (G1-G12). 
HoLZEL,  A.     Luftelektrisches  Potentialgefalle  und  Gewittervorhersage.     Ann, 

Physik,  Leipzig,  Bd.  60,  Heft  6,  1919  (521-547). 
Knoche,  W.    Ausserordentlich  blitzreiches  Gewitter  an  der  Kiiste  von  Siidchile. 

Abstr.  Met.  Zs.,  Braunschweig,  Bd.  35,  Heft  7/8,  Juli-August  1918  (204-205). 
Knopf,  O.     Nordlicht  am  1.  Oktober  1919.     Met.  Zs.,  Braunschweig,  Bd.  36, 

Heft  11/12,  Nov.-Dez.,  1919  (352-353). 
L.WER,  E.,  UND  R.  St'RiNG.    ElektriscHc  Lichterscheinungen  an  Baumen.     Met. 

Zs.,  Braunschweig,  Bd.  35,  Heft  3/4,  Marz-April,  1918  (94-95). 
LiNKE,  F.     Ueber  die  atmospharische  Quelle  der  durchdringenden  Strahlung. 

Met.  Zs.,  Braunschweig,  Bd.  H,  Heft  4,  April,  1916  (157-162).     Bemerk- 

ungen  von  K.  Bergwitz:  ibidem,  Heft  7,  Juli,  1916  (310-313). 
LuDWiG,  F.    Von  der  Ausnutzung  der  atmospharischen  Elektrizitat.    Prometheus, 

Leipzig,  Jahrg.  31,  Nr.  1609,  28  August  1920  (377-379). 
Macdonald,  H.   M.     The  transmission  of  electric  waves  around  the  Earth's 

surface.    London,  Proc.  R.  Soc,  A,  v.  98,  No.  A  691,  1920  (216-222):  ibidem, 

No.  A  694,  1921  (409-411). 
Mache,    H.      Zur   Erklarung  des   Ueberwiegens   positivcr  elektrischer   Regen- 

ladungen.     Met.  Zs.,  Braunschweig,  Bd.  36,  Heft  11    12,  Nov.-Dez.,  1919 

(350). 

Mackell,  J.  F.  Influence  of  the  earth's  potential  gradient  upon  the  measure- 
ment of  the  atmospheric  ionic  density  by  the  Ebert  ion  counter.  Abstr. 
Physic.  Rev.,  Lancaster,  Pa.,  Ser.  2,  v.  17,  No.  3,  Mar.,  1921  (390-391). 

Messow,  B.  Beobachtung  eines  .Nordlichts  am  12.  Januar  1916  in  Bergedorf. 
Met.  Zs.,  Braunschweig,  Bd.  i?,.  Heft.  4,  April, •1()16  (187). 


RECENT  PUBLICATIONS  79 

Messow,  B.,  und  H.  Thiele.     Nordlichtbeobachtungen  am  25.,  26.  und  29. 

April  1916  in  Bergedorf  und  Hamburg.     Met.  Zs.,  Braunschweig,  Bd.  i2>, 

Heft  7,  Juli,  1916  (318-319j. 
Meteorological  Office.     Report  of  proceedings  of  the  third  meeting  of  the 

Commission  for  Weather  Telegraphy,  held  at  the  Air  Ministry,  London, 

November  22nd-27th,    1920.      (M.   O.   242.)     London,   H.   M.   Stationery 

Office,  1921  (116).    24Kcm. 

Meyer,  H.  Nordlicht  am  21  August  1917.  Met.  Zs.,  Braunschweig,  Bd.  35, 
Heft  1/2,  Jan.-  Feb.,  1918  (55). 

MoENCH,  F.  Ueber  Schwankungen  des  elektrischen  Feldes  der  Atmosphare. 
(Inaugural-Dissertation,  Universitat  Gottingen,  1913.)  Frankfurt  a. 
M.,  C.  Xaumann's  Druckerei,  1913  (26).    32  cm.  P. 

NiPPOLDT,  A.  Beobachtung  zweier  "Stillen  Entladungen."  Met.  Zs.,  Braunsch- 
weig, Bd.  3>i,  Heft  3,  Marz,  1916  (138-139).  Bemerkungen  von  R.  Siiring, 
ibidem  (139-140). 

NiPPOLDT,  A.  Kugelblitz  mit  nachfolgendem  Blitzstrahl.  Met.  Zs.,  Braunsch- 
weig, Bd.  ii,  Heft  10,  Oktober  1916  (475-476). 

NODON,  A.  L'action  solaire  et  les  recents  troubles  de  I'atmosphere.  Paris, 
C.-R.  Acad,  sci.,  T.  171,  No.  26,  27  decembre  1920  (1390-1391). 

NoL.^N,  J.  J,  The  nature  of  ions  produced  in  air  by  radioactive  bodies.  Dublin, 
Proc.  R.  Irish  Acad.,  v.  35,  A,  No.  4,  Dec,  1920  (38-45). 

NoRiNDER,  E.  H.  Observations  de  I'electricite  atmospherique  a  Vassijaure. 
Stockholm,  Vet.-Ak.  Handl.,  Band  55,  No.  6,  1916  (60  avec  6  pis.). 

NORINDER,  H.  Recherches  sur  le  gradient  du  potentiel  electrique  de  i'atmos- 
phere a  Upsala.  Stockholm,  Vet.-Ak.  Handl.,  Band  58,"  No.  4,  1917  (57 
avec  3  pis.). 

NORINDER,  H.  Investigati'ons  with  regard  to  the  induced  charge  frorri  elec- 
trical fields  on  the  Ebert  ion  counter.  Repr.  Stockholm,  Ark.  Mat.  Astron. 
Fysik,  Bd.  15,  No.  2,  1920,  19  pp. 

NoRiNDER,  H.  Resultats  de  I'enregistrement  du  champ  electrique  terrestre  a 
Upsala.  (L'eclipse  totale  de  soleil  des  20-21  aout  1914.)  Stockholm,  i\lm- 
qvist  &  Wiksells  Boktryckeri  -A.-B.,  1920  (8  pp.  avec  1  pi.).     28^  cm. 

Reimann.  Abbildung  einer  Photographic  durch  den  Blitz.  Met.  Zs.,  Braunsch- 
weig, Bd.  34,  Heft  6/7,  Juni-Juli,  1917  (261-262). 

Reimann.  Linienblitze,  die  aus  mehreren  sich  schnell  in  derselben  Bahn  fol- 
genden  Einzelblitzen  bestehen.  Met.  Zs.,  Braunschweig,  Bd.  ii,  Heft  10, 
Oktober  1916  (471-472). 

RiEGL,  A.  Luftelektrische  Beobachtungen  auf  der  grossen  ungarischen  Tiefe- 
bene.     Met.  Zs.,  Braunschweig,  Bd.  iS,  Heft  4,  April,  1921  (125-126). 

RouCH,  J.  Observations  du  champ  electrique  de  I'atmosphere  pendant  I'L-clipse 
de  Soleil  du  8  avril  1921.  Paris,  C.-R.  Acad,  sci.,  T.  172,  No.  15,  11  avril 
1921  (925-927). 

RuBES.\MEN,  H.  Ueber  Empfangsstorungen  und  elektrisch-meteorologische 
Elemente  der  Atmosphare.  (Dissertation,  Halle,  1915,  26  S.,  9  Blatt,  2 
Tafeln.)  Abstr.  Met.  Zs.,  Braunschweig,  Bd.  34,  Heft  2,  Februar  1917 
(94-95). 

SCHERING,  H..  Nordlicht,  gesehen  in  Ostcnde  am  15.  Februar  1917.  Met.  Zs., 
Braunschweig,  Bd.  34,  Heft  10   11,  Okt.-Nov.,  1917  (390). 


80  RECENT  PUBLIC  A  TIONS       [Vol.  XXVI.  Xos.  l  and  2] 

ScHiNDELHAUER,  F.  Regelmassige  Entladungen  bei  einem  Gewitter.  Met.  Zs., 
Braunschweig,  Bd.  36,  Heft  11/12,  Xov.-Dez.,  1919  (350-351). 

Schmidt,  Ad.  Zur  Frage  der  Elektrizitatsverteilung  in  der  Atmosphare.  Met. 
Zs.,  Braunschweig,  Bd.  i2,,  Heft  3,  Marz,  1916  (134). 

ScHWElDLER,  E.  VON.  Ueber  das  Gleichgewicht  zwischen  ionenerzeugenden  und 
ionenvernichtenden  Vorgangen  in  der  Atmosphare.  (Beitrage  zur  Kenntnis 
der  atmospharischen  Elektrizitat  Nr.  59.)  Wien,  SitzBer.  Ak.  Wiss.,  Math.- 
naturw.  Kl.,  Abt.  Ila,  127.  Bd.,  7  Heft,  1918  (953-967). 

ScHWEiDLER,  E.  VON.  Ueber  Versuche  zuni  Nachweis  einer  negativen  Kor- 
puskularstrahlung  kosmischen  Ursprungs.  Wien,  SitzBer.  Ak.  Wiss., 
Math.-naturw.  Kl.,  Abt.  Ila,  Bd.  127,  Heft  4,  1918  (515-533). 

ScHWEiDLEK,  E.  VOX.  Ueber  das  Gleichgewicht  zwischen  ionenerzeugenden  und 
ionenvernichtenden  Vorgangen  in  der  Atmosphare.  H  Mitteilung.  (Beit- 
rage  zur  Kenntnis  der  atmospharischen  Elektrizitat  Xr.  60.)  Wien,  SitzBer. 
Ak.  Wiss.,  Math.-naturw.  Kl.,  Abt.  Ua,  128  Bd.,  6  Heft,  1919  (927-955). 

ScHVVEiDLER,  E.  Die  Aufrechterhaltung  der  negativen  Erdladung,  das  Grund- 
problem  der  luftelektrischen  Forschung.  (Bemerkungen  zur  gleichbetitelten 
Arbeit  des  Hrn.  R.  Seeliger.)  Ann.  Physik,  Leipzig,  Bd.  63,  Heft  8,  1920 
(726-738). 

Thomson,  E.  Concerning  recent  auroras.  May  13  and  May  14,  1921.  Science, 
New  York,  N.  Y.,  N.  S.,  v.  53,  No.  1380,  June  10,  1921  (534-535). 

ToEPLER,  M.  Zur  Kenntnis  der  Gesetze  der  Bildung  von  Leuchtmassen  (Perlen) 
bei  Perlschnurblitzen.  Met.  Zs.,  Braunschweig,  Bd.  34.  Heft  6/7,  Juni- 
Juli  1917  (225-239). 

Wenger,  R.  Ein  neunfacher  Linienblitz.  Met.  Zs.,  Braunschweig,  Bd.  H, 
Heft  12,  Dezembcr  1916  (544). 

Wigand,  a.  Das  Flugzeug  als  Hilfsmittel  zur  Erforschung  der  Atmosphare. 
Uns.  Welt,  Bd.  12,  Heft  2,  1920  (58-67). 

Wigand,  A.  Messungen  der  lonisation  und  lonenbeweglickeit  bei  Luftfahrten. 
Auszug:  Physik.  Zs.,  Leipzig,  Jhrg.  21,  No.  21/22,  1.  und  15  November 
1920  (571). 

Wigand,  A.  Bericht  iiber  lonisationsmessungen  bei  Luftfahrten.  Met.  Zs., 
Braunschweig,  Bd.  37,  Heft  12,  Dezembcr  1920  (347-348). 

Wig.\nd,  a.  Messungen  der  lonisation  und  lonenbeweglichkeit  bei  Luftfahrten. 
Physik.  Zs.,  Leipzig,  Jahrg.  22,  No.  2,  1921  (36-46). 

Wigand,  A.  Aerologische  und  luftelektrische  Fliige  und  ihre  Bedeutung  fiir  die 
Luftfahrt.  S.-A.,  Ber.  u.  Abh.  d.  wiss.  Ges.  fur  Luftfahrt,  4.  Heft,  April 
1921,  18  pp. 

Wiechert,  E.  Bericht  der  Kommission  fiir  luftelektrische  Forschung.  Gottin- 
gen,  Nachr.  Ges.  Wiss.,  Geschiift.  Mitt..  Heft  1,  1917  (10-11  j. 

Wiechert,  E.  Bericht  der  Kommission  fiir  luftelektrische  Forschung.  Gottin- 
gen,  Nachr.  Ges.  Wiss.,  Geschiift.  Mitt.  1919  (44). 

Wiechert,  E.  Bericht  der  Kommission  fur  luftelektrische  Forschung.  Gottin- 
gen,  Nachr.  Ges.  Wiss.,  Geschiift.  .Mitt.,  1920,  Heft  1  (43). 

Zlatakovic,  R.  Messungen  des  Ra-Emanationsgehaltes  in  der  Luft  von  Inns- 
bruck. (Beitrage  zur  Kenntnis  der  atmospharischen  Elektrizitat  Nr.  61.) 
Wien,  SitzBer.  Ak.  Wiss.  Wien,  Math.-naturw.  Kl.,  Abt.  Ila,  129.  Bd., 
1.  Heft,  1920  (59-66). 


Terrestrial  Magnetism 

and 

Atmospheric  Electricity 


Volume  XXVI  SEPTEMBER,   1921  Numbers 


R.  DE  EOTVbS'  LAW  CONCERNING  THE  CONNECTION 
BETWEEN  THE  LOCAL   DISTURBANCES  OF  THE 
MAGNETIC  FORCE  AND  THOSE  OF  GRAVITY. 
By  L.  Steinp:r. 
\.     As  to  the  origin  of  the  local  magnetic  disturbances,  there 
are  two  predominant  opinions:     The  one  considers  the  disturb- 
ances   of    the    earth-currents,    produced    by    irregularities    in    the 
structure  of  the  Earth's  crust,  as  the  main  cause;  the  other  concept 
supposes  that  magnetization,  induced  in  rocks  by  the  permanent 
field  of  the  Earth,  is  chiefly  responsible  for  the  local  magnetic  dis- 
turbances.    In  the  latter  concept,  too,  the  structure  of  the  Earth's 
crust  is  of  eminent  importance.     The  distribution  of  the  diverse 
magnetizable  rocks,  or  an  abrupt  change  in  their  arrangement  as, 
for   instance,    is   found   along  with    tectonic   lines,   may   manifest 
themselves  in  local  magnetic  disturbances.     This  idea  has  largely 
been  applied  by  Riicker  and  Thorpe^  in  interpreting  the  disturb- 
ances disclosed  by  their  magnetic  survey  of  the  British  Isles. 

It  must  be  conceded  that  the  second  explanation  has  a  much 
stronger  experimental  foundation.  Measurements  adjacent  isolated 
mountains,  as  have  been  made  for  instance  by  O.  E.  Meyer,  in 
Germany,"  by  Oddone  and  S.  Franchi  in  Italy,^  and  by  other 
investigators,  point  to  the  possibility  that  mountains  built  up 
from  magnetizable  rocks  may  have  been  magnetized  by  the  FCarth's 
permanent  magnetic  field  in  the  direction  of  the  inclination.  The 
result  of  Creak,^  that  isles  north  of  the  magnetic  equator  exert 
such  a  magnetic  force  as  if  they  had  a  surplus  of  south  magnetism, 
and  that  isles  south  of  the  magnetic  equator,  as  if  they  had  a  sur- 
plus of  north  magnetism,  is  in  harmony  with  this  opinion.     The 

'  Phil.  Trans.  Roy.  Soc,  London.  Series  A  1890,  voL  18.  and  1896,  voL  188. 
» Ueber  Gebirgs-Magnetismus.     Silzh.  Math.  Phys.  kl.  bayer.  .Akad.  d.  Wiss..  1889,  Bd.  xix. 
Heft  IL 

»  Sul  Magnet.isino  di  Monte.    .lw».  i'Jf.  Cenlr.  Meteor.  Ceod.,  voL  XH,  Park  L  1890. 
*  On  local  magnetic  disturbances  in  islands,  etc.,  Proc.  R.  Soc.  No.  242,  XL,  1886. 
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observational  results  relating  to  ma.sses  above  the  Earth's  surface 
may  be  referred  to  magnetized  masses  under  the  ground,  lying  in 
the  Earth's  crust. 

In  both  concepts  discontinuities  in  the  building  up  of  the 
Earth's  crust  might  cause  local  magnetic  disturbances.  It  was 
Ed.  Naumann^  who,  on  the  basis  of  several  examples,  has  insisted 
upon  this  connection  between  tectonic  structure  and  magnetic 
disturbances. 

The  masses  in  the  Earth's  crust  influence,  in  first  line,  the  re- 
sults of  measurements  of  gravity,  and  as  far  as  these  masses  are 
magnetizable  they  play  also  an  important  part  in  the  magnetic 
disturbances. 

In  the  literature  there  are  man>^  references  to  the  fact  that 
territories  with  magnetic  disturbances  often  show  anomalies  in 
gravity,  too;  but  we  find  neither  the  theoretical  exact  expression 
nor  a  precise  empirical  determination  of  this  relation.  In  the 
first  concept  a  general  exact  expression  of  the  connection  can 
hardly  be  formulated,  considering  our  deficient  knowledge  of  the 
earth-currents;  but  it  can  be  done  in  the  second  concept.  It  is 
one  of  the  scientific  merits  of  the  late  R.  de  Eotvos  of  having  with 
emphasis  pointed  to  the  exact  mathematical  form  of  this  relation, 
and  of  having  showed  how,  by  means  of  his  extraordinarih'  refined 
methods  of  measurements  of  gravit>-,  this  ctMincction  ma\-,  from 
the  observational  data,  be  determined.*^ 

Let  V  be  the  potential  of  the  force  of  gravitational  attraction 
of  a  body,  the  constant  (lensi(\-  of  wiiich  is  a;  if  this  body  is  mag- 
netized homogeneously  in  the  direction  /  and  the  intensity  of 
magnetization  is  /,  W  denoting  the  magnetic  potential,  then  we 
may  write^: 

Where  G  is  the  constant  of  gravitation  =  66. .S  X  lO"**  cgs.  (i.  e., 
the  attracting  force  between  two  points  of  the  masses  of  1  gr.  and 
at  the  distance  of  1  cm.  from  each  other). 

The  magnetic  force  in  any  direction  s,  will  be: 
_  dVV 

d.s         G 


li  a    ds  \  dt  I 


»  Die  Rrscheinungen  des  Erdmagtietismus,  Stuttgart,  1887. 

«  BestimtnunK  der  Gradicnten  der  Schwcrkraft.  ct',-.,  .V  .16/.,  p.  .S6-59  f.,  Abh.  AT  allg.  Konf. 
Enimfssung,  Budapest,  1906,  Leiden,  1907. 

■  Maxwell:    .-1  Treatise  on  Elerlr.  and  Magn..  .?rd  ed,,  vol.  II,  p.  66. 
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If  the  body  be  u  mass  of  rock  embedded  in  the  l^larth's  crust, 
which  calls  forth  anomalies  in  the  Earth's  gravity,  then  a  denotes 
the  difference  of  densities  of  this  mass  and  of  that  of  the  crust; 
was  that  mass  of  rock  homogeneously  magnetized  by  the  mag- 
netic field  of  the  Earth  and  the  intensity  of  magnetization  /,  then 

■J  XT r 

is  the  magnetic  disturbing  force  in   the  direction  s.     Equa- 
ls 

tion  (1)  can  be  expressed  thus:     The  magnetic  disturbing  force  in 

any  direction,  s,  is  proportional  to  the  change  of  the  component  of 

disturbing  force  of  gravity  in  the  direction  of  the  magnetization,  the 

change  taken  in  the  direction  s;  or  it  is  proportional  to  the  gradient 

taken  in  the  direction  s  of  the  component  of  the  disturbing  force  of 

gravity  in  the  direction  of  magnetization. 

If  we  take  a  rectangular  system  of  coordinates  and  X,   Y,  Z 

denote  the  anomalies  in  the  force  of  gravity  and  X\   FS  Z^  the 

magnetic  disturbing  forces,  then  first  we  have  in  general: 

dW  Id    IdVdx    .    dV  dv    ,    dV  d 


d  s  Gad 


'    (dV  dx        dV  d^         d^  di\ 
s  ^d~x  dl        d  V  di         as  di  ' 


Now  I  -rr   =  A,  I     '    =  B,  1   .".    ^  C  are  the  components  of 
di  dt  dt 


the  intensity  of  magnetization;  we  have,  then: 

_  A  dW      B    dH'        C    d'-V  ^  A  dX      B  dY       C  dZ 
G  a  dX'       G  a  dxdv      G  a  dxdz      G  a  dx       G  a  dx       G  a  dx  ' 


^  A    d^V       B  d^V       C   dW  ^  A  dX      B  dY      C^dZ        . 
G  a  dxdy      G  a  dy"^       G  a  dydz       G  a  dy       G  a  dy       Gcr  dy  \ 

Gadxdz      G  a  dydz      Ga  dz'       G  a  dz       G  a  dz       G  a  dz 

These  equations  are  valid  in  the  simple  case  of  homogeneous 
magnetization  and  constant  density. 

From  equations  (2)  R.  de  Eotvos  concluded**:  "As  long  as  the 
term,  disturbance  of  gravity,  is  used  to  denote  only  such  disturb- 
ances as  can  be  observed  by  means  of  the  pendulum  and  the  plumb- 
line,  it  is  in  fact  impossible  to  determine  a  connection  between  the 
two  sorts  of  disturbances  at  the  same  place.  The  magnetic  force 
exerted  by  a  mass  is,  namely,  not  proportional  to  its  force  of  attrac- 
tion, but  to  the  gradient  of  this  force  of  attraction." 

dV  .. 
The   disturbances    in    the   acceleration    ot    gra\ity  (g  =   — ,  it 

the  axis  of  z  is  vertical)   and  in   the  direction  of  the  plumb-line 

»  L.c. 
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I  — —  I  where  /  is  a  direction  in  the  horizontal  plane,  are  not  in 

direct  connection  with  the  magnetic  disturbances,  indeed. 

The  second  differential  quotients  on  the  right  side  of  equations 
(2)  are  the  very  same  quantities,  the  appropriate  combinations  of 
which  can  be  determined  experimentally  by  means  ot  the  torsion 
balance  of  R.  de  Eotvos.    We  get  from  (2) : 

X'B-Y'A=     -4^/a^F    d'V\       B-'-A-'  dW         EC     ^V__     AC      dW  \ 
G  a^  dx-       dV^  I  Ga      dxdy  Ga  '    dxdz  Ga  '    dydzj 

iry^   \7'=     -ii7^_^U    ^^     a^F     2C-'^A-^  d-W         AB      d'V  [ 
^  ^  Ga\dx^      dy^l'^      Ga     dxdy^     Ga      dxdz^      Ga  '   dydzV' 

"  "^       '  G(r'ax2       dv2  /  "^      Ga      a.rav  Ga'    dxdz'^      Ga       dydzj 

These  equations  (3)  give  the  connection  between  the  magnetic 
forces  and  those  quantities  which  can  be  measured  directly  with 
the  torsion  balance.^ 

If  H,  H,  Z  denote  the  components  of  the  magnetic  field  of  the 
Earth,  and  k  the  magnetic  susceptibility  of  the  mass,  then: 
A    =  K=.,    ^   =  kH,    C  =  xZ. 

According  to  the  investigations  of  Riicker  and  Thorpe  and  R.  de 
Eotvos,  K  may  be  assumed  between  0.001  and  0.010.  Putting 
a  =  0.5,  we  see  that  even  there,  where  gradients  of  gravity  of  the 
magnitude  of  only  1  X  lO"'-*  have  been  measured  (this  may  be  the 
limit  of  accuracy  of  measurements  with  the  torsion  balance),  the 
magnetic  disturbing  forces  may  attain  several  7  (O.OOOOl  cgs.), 
and  thus  can  be  determined  by  observations. 

Equations  (2)  become  simpler  in  some  special  cases.  If  the 
disturbing  mass  has  the  form  of  a  rectangular  prism,  one  dimension 
of  which,  y,  is  infinite,  we  have: 

aj/^  ^      a^]/  ^  _  a^F 

a  \'  '   a.r-  dz^ 

From  the  extended  measurements  of  R.  \-.  Eotvos  we  call 
attention  to  a  most  interesting  case  of  magnetic  disturbance  in 

'  RegardinR  the  e.xtcnt  of  researches  and  measurements  with  the  torsion  balance,  the  follow- 
ing publications  of  R.  de  Eotvos  may  be  mentioned:  UntersuchunRen  iiber  Gravitation  und  Erd- 
masnetismus,  Ann.  Fhys.  Chem..  Neue  Folge,  Bd.  .S9..  1896,  S.  3.S4-400;  Bestimmung  der  Gradi- 
enten  der  Schwerkraft  und  ihrer  Niveaufliichen  etc..  Abh.  AT.  allg.  Konf.  Erdmess..  Budapest.  1906, 
Intern.  Erdmess..  Leiden,  1907;  Die  Niveauflache  des  Balaton  etc.  in  Resultated.  wis.^.  Tnters.  d. 
Balaton  I  Theil  Geoph.  Anhang  Budapest  1908.  Bericht  ub.  geod,  .•\rbeiten  in  Ungarn  bes.  iib. 
Beob.  mit  d.  Drehwage  AT/.  Allg.  Konf.  Intern.  Erdmess..  Leiden,  1910;  L'cber  Arbeiten  mit  der 
Drehwage,  W'll.  .Allg.  Konf.  intern.  Erdmess..  Budapest,  1912. 
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the  mountain  Omska  C.ora  and  its  neighborhood.  It  was  possible 
to  represent  quantitatively  the  disturbance  in  the  mountain  by 
the  induced  magnetism  of  a  serpentine  layer,  which  extends  to  a 
depth  of  800  m.  from  the  surface.'" 

By  means  of  equations  (3)  the  components  of  magnetization 
A,  B,  C,  in  the  case  of  homogeneous  magnetization,  can  be  de- 
termined for  any  irregularly-shaped  masses,  if  we  determine  by 
observations  the  gradients  of  the  disturbing  forces  of  gravity  and 
by  magnetic  measurements  the  magnetic  disturbing  forces. 

2.  Thus  the  connection  between  disturbances  of  gravity  and 
of  magnetic  force  is  rather  more  complicated  than  it  was  generally 
assumed  when  it  was  attempted  to  include  the  largest  disturbing 
forces  in  both  phenomena.  Such  a  simple  relation  will  generally 
not  appear.  Calculating  some  simple  cases,  we  see  that  according 
to  form,  size,  and  situation  of  the  disturbing  masses,  the  seeming 
relation  of  the  disturbing  forces  might  be  very  different.  As  an 
example,  I  present  a  very  simple  case. 

The  disturbing  mass  may  have  a  rectangular  prismatic  form, 
which  in  one  direction  stretches  out  into  infinity.  The  infinite 
edges  are  horizontal,  and  we  shall  distinguish  two  cases:  1.  They 
are  perpendicular  to  the  magnetic  meridian.  2.  They  are  parallel 
to  it.  The  mass  is  so  situated  in  the  Earth's  crust  that  two  sides 
are  horizontal  and  two  are  vertical.  We  take  a  =  0.5;  2/  denotes 
the  breadth  of  the  horizontal  planes,  2h  that  of  the  vertical  sides, 
and  2  the  depth  of  the  center  of  the  rectangular  cross-section  of 
the  prism.  Let  us  take  h/l  =  0.25  and  2/7  =  0.35;  if  /  =  1  km, 
then  the  upper  horizontal  side  is  100  m.  under  the  ground;  and  if 
the  breadth  of  the  mass  is  2  km,  z  =  500  m.  The  center  of  the 
system  of  coordinates  is  in  the  center  of  the  cross-section,  the 
axis  of  X  points  to  magnetic  north,  the  axis  of  y  to  magnetic  east, 
and  that  of  s  vertically  downwards.  The  distribution  of  the  dis- 
turbing forces  will  be  the  same  in  all  planes,  perpendicular  to  the 
infinite  edges.  We  calculated  the  disturbing  forces  on  the  surface 
of  the  Earth,  that  is,  in  a  horizontal  plane  lying  at  a  distance 
2  —  //  =  0.01  /  from  the  upper  surface  of  the  prism.  The  dis- 
turbing forces  of  gravity  may  be  X„  F,,  Z„  in  the  first  case,  and 
X^,  Fj,  Z„  in  the  second  case,  and  the  magnetic  disturbing  forces, 
X\,  Y\,  Z\,  and  X',,  Y\,  Z',.  In  general,  index  1  refers  to  the 
first,  index  2  to  the  second  case.  In  points,  for  which  .v,  =  y.,, 
we  have  X,  =   Y,  and  Z,  =  Z,;  further  we  have  F.  =  0,  X,  =  0. 

'»  XV'I.     Allg.  Konf.  Intern.  Erdmess.     Berichl.  etc.,  p.  26-.?l. 
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Y\   =   0,  X'.,   =   0.     The  magnetic  susceptibility  «   =   0.005   has 
been  assumed.    In  table  1  we  find  the  results  of  the  computation: 


T.\BLE    1 

X, 

Zy 

A", 

Z{ 

y-1 

z-l 

yXV 

■    3/-22.55/X10- 

'+  2.83/XlO- 

5+   11X10- 

-   53X10- 

-    12X10- 

5  -  47  X 10-' 

3/ 

2/-33.55 

+  7.13 

+  03 

-137 

-   52 

-111 

11 

3/2/-46.77 

+  14.81 

-  67 

-275 

-160 

-193 

2,/2l 

5/4/  — 55.75 

+24.56 

-227 

-401 

-339 

-232 

5/4/ 

/-61.77 

+46.36 

-748 

-253 

-700 

+  97 

/ 

1/2/-30.47 

+77.20 

-340 

+326 

-142 

+397 

1/2/ 

\/^l-U.TJ 

+81.09 

-237 

+336 

-   55 

+364 

1/4/ 

0         0 

+82.20 

-176 

+352 

0 

+352 

0 

1/4/+U.77 

+81.09 

-127 

+391 

+   55 

+364 

-1/4/ 

1/2/+30.47 

+  77.20 

-  57 

+468 

+  142 

+397 

-1/2/ 

/+61.77 

+46.36 

+652 

+447 

+  700 

+  97 

/ 

5/4/+55.75 

+24.56 

+455 

-  62 

+339 

-232 

-5/4/ 

3/2/+46.77 

+  14.81 

+260 

-112 

+  160 

-193 

-3/2/ 

2/+33.55 

+  7.13 

+  107 

-   85 

+  52 

-111 

-     2/ 

3/+22.55 

+  2.83 

+  36 

-  41 

+    12 

-   47 

-     3/ 

Refers  to  the  2nd  case. 
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The  exact  calculation  of  the  extreme  values  is  simple  for  Z',; 
for  the  other  components  it  is  rather  complicated.  The  extreme 
values  of  Z\  are  in  y,  =  Q,  y.,  =  ±  0 .  7355  /,  and  y.,  =  ±  1 .  2566  /, 
and  their  magnitudes  are,  respectively,  +  352  X  10■^  +  428 
X  10"^,  and  —  232  X  lO"^;  the  extreme  values  of  y\  are  between 


-5 
200x10      c.g.s. 


Fig.  2. 


/  and  5/4  /,  resp.  —  /  and  —  5/4  /.  Figs.  1,2,3  show  the  dis- 
tribution of  the  disturbing  forces  (/  =  10^  cm).  The  disturbing 
forces  of  gravity  and  the  magnetic  forces  in  the  second  case  are 
symmetrical  with  respect  to  the  disturbing  mass.  The  dis- 
tribution of  Z',  shows  two  maxima  and  three  minima.  The  mag- 
netic forces  in  the  first  case  are  not  symmetrical  with  respect  to 
the  disturbing  mass. 
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The  magnetic  disturbing  forces  were  computed  by  considering 
the  fact  that  they  are  produced  from  magnetic  matter  distributed 
on  the  surfaces  of  the  prism,  the  densities  of  which  are  ±  «  H 
(the  north  and  south  vertical  sides  in  the  first  case)  resp.  ±  k  F 
(the  horizontal  sides),  when  H  and  V  denote,  respectively,  the 
horizontal  and  vertical  components  of  the  magnetic  field  of  the 


-5 
200x10   c.g.s. 


Fig.  3. 


Karth   (0.2  and  0.4).     The  computation   by   means  of  equations 
(1)  gives,  of  course,  the  same  result. 

In  passing  it  may  be  noted  that  when  all  dimensions  are  changed 
in  the  same  proportion,  the  magnetic  forces  remain  the  same, 
whereas  the  disturbing  forces  of  gravity  change  proportionally  to 
the  alteration  of  the  dimensions. 
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3.  I  seize  this  opportunity  to  publish  some  formuhe  concern- 
ing the  attr^iction  of  rectangles  and  parallelepipedons  of  finite  size. 
1  am  aware  that  many  geophysicists  who  were  engaged  in  re- 
searches about  attraction  problems  have  employed  such  formula 
in  their  investigations,  but  either  they  did  not  publish  them  in  a 
complete  form  ready  for  use  by  others,  or  they  have  published 
such  formulae  as  refer  only  to  simplified  and  specialized  cases. 
Publishing  the  general  formulae  from  which  the  special  cases  can 
easily  be  deduced,  I  wish  to  save  others  the  trouble  of  deducing 
them  anew. 


2Z 


-^^ 


> 

3 

\r 

h-  - 

u 

v' 

A'/                        h 

->* 


Fig.  4. 


In  order  to  prevent  misunderstandings  as  to  the  sign  of  the 
forces,  I  add  some  small  diagrams  (Fig.  4)  representing  the  system 
of  coordinates  to  which  our  formulae  refer. 

a. — Potential  of  a  finite  straight  line.  Constant  linear  density 
of  the  attracting  mavSS  =  A.,  length  of  the  line  =  2  1,  potential  =  V, 
then  Ig  being  log.  nat.: 

V/\  =  Ig  (l-x+V{l-xf-\-r')  +  Ig  {l-\-x-\-Vil-\-x)'  +  r')  -  2\gr, 
where  r  denotes  the  vertical  distance  of  the  point  to  which  V 
refers,  from  the  straight  line  (Fig.  4a). 

b. —  Components  of  the  force  of  attraction  in  the  point,  x  y  z, 
exerted  by  a  rectangular  surface.  Constant  surface  density  =  a, 
length  of  the  sides,  AD  =  BC  =  21;  AB  =  CD  =  2e  (Fig.  4b). 

-  X  =  Pot  (.45)  -  Pot  (CD) 


-  F  =  Pot  (AD) 

(T 


z  = 


-  \  arctg 
+  arctg 


Pot  (BC) 

(l  —  x)  (e-\-y) 

2Vz^+il-xy+ie+y)- 

(l  —  x)  (e  —  y) 


-f-  arctJ 


+  arctg 


(/+x)  (e+y) 


zVz^+{l+x)^  +  ie+yy 

(l+x)  (e—y) 
Z\/z^  +  {l+x)^  +  (e-yy' 


Pot.  (AB),  Pot.   (CD),  Pot.   (AD),  and   Pot.   (BC)  denote  the 
2 
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potentials  of  AB,  CD,  AD,  BC,  assuming  a  linear  density   =    1. 
Thus: 

¥ot{AB)=\^{e-y-\-y/{e-yY+{l+xY+i^)-^\g{e+y-{- 

etc. 

Potential,  M^,  of  the  rectangular  surface  at  the  point  {x  y  z): 

^={e-\-v)   VoXiAD)  +  ie-y)   FoX{BC)  +  (l+x)   Pot  (/I  ^)  +  (/-.y) 

Pot(CZ)) 

,  {l-x)  {e+y)  ,    ^^^.^        (/+.r)  (e-+v) 

—  2  ,  arcter  — -, ^=^  +  arctg  — ,  — 

^  Zy/z^  +  {l-xy-\-{e+yy  '    2\/z* +  (/+»;)'' +  (e +3-)- 

(/-.t)  (g-y)  (/+x)  (g-y) 

+  arete — -, — -- +  arctg  - — ,  =^ 

^z^z'+il-xy  +  ie-yY  s  V2'  +  (/+x-)= +  (<;-. v)- 

c. — Components  of  the  force  of  attraction  of  a  rectangular  prism 
(parallelepipedon) .  Constant  volume  density  =  p;  length  of  the 
edges,  AD  =  BC  =  21,  AB  =  DC  =  2e,  AA'  =  DD'  ^  .  .  . 
=  2Ji.  The  center  of  the  system  of  coordinates  coincides  with  the 
center  of  the  prism  (Fig.  4c). 

1/p  X  =  Pot  (AA'B'B)  -  Pot.  (DD'C'C) 
1/p  Y  =  Pot  (AA'D'D)  -  Pot.  iBB'C'C) 
\/pZ  =  Pot  {A'B'C'D)  -  Pot.  (ABCD) 

Where  Pot  {AA'B'B),  Pot  (DD'C'C),  etc.,  denote   the   potentials 
of  the  surfaces  AA'B'B,  DD'C'C,  etc.,  at  the  point  (.v  y  z),  suppos- 
ing the  surface  density  =   1.    Thus,  for  instance: 
Fot{AA'B'B)  =  ie^-y)  Pot(^^')  +  O-.v)  Pot  (65')  +  (//+c)  ^oi(A'B')  +  {h-z) 
Pot  {AB) 

„  ,     ,   )                          (g-y)  (//+s)                  ,         ,                  {e+y)  (//+2) 
-  (/+^)   !  arctg,,_^   .     ,--j^^,^_^.^^^^,^^,:^  +  arctg — 


{l+x)y/  {l+xY+{e-yY+{h+zy                     (Z+x)  V(/+x)*  +  (e+3')»+(A+«)» 
+  arctg (^-y)(/.-^)  +  „,,, (£+zH*^5) 


(Z+a;)  V(/+a:)=  +  (c-3')=  +  (^-2)=  (/  +  ^)  N/(/+*)=  +  {e+y)^  +  (A-»)- 

etc,  etc. 


'RELIMINARY    RESULTS    OF    OCEAN     MAGNETIC    OBSERVATIONS    ON 
THE  CARNEGIE  FROM  HONOLULU   TO  PAGO  PAGO, 
APRIL-JUNE,   192L1 
By  J.  P.  AuLT,  Commanding  the  Carnegie. 

servers:  J.  P.  Ault,  H.  F.  Johnston,  R.  R.  Mills,  H.  R.  Grummann,  and  R.  Pemberton.) 


Date 

Lati- 
tude 

Long. 
East 
ofGr. 

Carnegie  Values 

Chart  Values 

Chart  Differences* 

Decl'n 

1 
Incl'n 

Hor. 
Int. 

Decl'n 

Incl'n 

H.In. 

Decl'n         1  Incl'n 

H.  In.3 

Brit.     U.  S. 

U.S. 

U.S. 

Brit. 

U.S. 

U.S. 

U.S. 

1921 

Apr.  29 

29 

29 

30 

30 

30 

Mav    1 

1 

1 

2 

2 

2 

3 

3 

4 

4 

4 

5 

5 

6 

6 

6 

7 

7 

7 

8 

8 

8 

9 

9 

9 

10 

10 

10 

11 

11 

11 

12 

22  28N 

23  16N 

23  30N 

24  33N 

25  18N 

25  32N 

26  51 N 

27  33N 
27  46N 
29  04N 

29  52N 

30  09xN 
32  OON 

32  28N 

33  40N 
33  53 N 
33  54  N 

33  57N 

34  02  N 
34  05  N 
34  07 N 
34  08  N 
34  09  N 
34  ION 
34  UN 
34  12N 
34  05  N 
34  02  N 
3i  51 N 
33  37 N 
33  31N 
33  26N 
33  41 N 

33  45  N 

34  08  N 
34  09N 
34  ION 
34  15N 

o          , 

200  52 
200  12 
200  01 
199  08 
198  34 
198  28 
198  09 

198  01 
197  57 
197  31 
197  22 
197  20 
197  03 
197  39 

199  16 
199  50 

199  56 

200  08 

200  56 

201  59 

202  40 

202  49 

203  46 

204  25 

204  39 

205  18 

205  53 

206  07 

206  55 

207  29 
207  48 

209  08 

210  14 
210  34 

212  34 

213  24 
213  43 
215  21 

11. OE 

iri'E 

11. 4E 

li'7  E 
12  OE 

ir9E 
12. 7E 

i2;8'E 
13. 4E 

13^7  E 

u'i  E 

14.1  E 
14.1  E 
14. 4E 

14;4'e 
14.7  E 

i4'7'E 
14. 9E 

u^g'E 

14. 9E 

15;0E 
15. 3E 

15'2E 
15, 7E 

15;7'e 
16.0  E 

o          1 

c.g.s. 

o         1         o 

11.0E[11.0E 

ii'2E|ii'2'E 
11.4E  11.4E 

° 

c.  g.  s. 

0 
0.0 

° 

0.0 

^ 

40.7  N 

.285 

41.3  N 

.286 

0.6  S 

-1 

0.0 
0.0 

0.0 
0.0 

42. 9N 

.280 

43. 2  N 

.280 

0.3  S 

0 

11. 7E 
11. 9E 

11. 6E 
11. BE 

0.0 
0.1  E 

0.1  E 
0.2E 

45.'2N 

47.8  N 

50.' ON 
52. "on 

''275 

''276" 

'^265 
'^262' 

45.5  N 

.275 

0.3  N 

0 

12.1  E 
12. 4E 

12. OE 
12.4  E 

0.2W 
0.3E 

'o;2'e 
0.4E 

o.'iiv 

'o;2'e 
0.1  E 
0,0 
0,0 

O^IW 
0.0 

'o.'iw 

O.IW 

O.IW 
0.3E 

'6;2'e 

0.5E 

O^IW 

'o;3'e 
0.1  e 
0.0 
0,1  e 

O.IW 
0.0 

'o.'iw 

0.0 

47. 6N! 

.269 

0.2  S 

-1 

12.6E12.6E 
13.0E  12.9E 

50. 2N, 
52.  IN 

1 

.261 
^259' 

0.2N 

-4 

13.8  E 

13. 8E 

14.'0E|13'9'e 
14.0E14.0E 
14.1  E  14.1  E 
14.4E14.3E 

1 

14.5E:14.5E 

14.7Eil4.7E 

i 

O.IN 

-3 

'    ■    "1 

52.  6  N; 

.259 

52.6  N 
5.3  ON 

.262 
'^262' 
''262' 

0.0 

-3 

53.  in: 

.259 

0.1  N 

-3 

14. 8E  14. 8E 
15,0E14.9E 

i5;6'Ei4.9E 
15,1  E  14. 9E 

15^i  E  14.9E 
15,2E15.1  E 

i5;7'E  15.4  E 
16.0E15,8E 

53.'2'n 

53.2  N 
53.  IN 

.260 
'26i' 

0.0 

-7 

O.IW 
0.2W 

'6'iw 

O.IE 

0.0 
0.0 

G^IE 
0.2E 

53 . 0  N 

'.'264' 

0. 1  N 

-3 

53.  IN 

.264 

53.6  N 

.264 

0.5  S 

0 

0.5W 
0.3W 

'6;5W 

0,5W 

0.2W 
O.IW 

'0.'3W 
0.2W 

54.4 'n 

'^264' 



54. 6N 

.261 

0,2  N 

-3 

16.2E16.0E 
16. 5E  16. 2E 

'  For  previous  table,  see  Terr.  Mag.,  v.  26,  pp.  15-24. 

'Charts  used  for  comparison:  U.  S.  Hydrographic  Office  Charts  Nos.  1700,  1701,  and  2406,  for  1920;  British  Admiralty 
Chart  No.  3777  for  1917.  The  chart  differences  are  obtained  by  subtracting  chart  values,  derived  as  e.xplained  in  previous 
sentence,  from  the  observed  Carnegie  values.  In  order  to  explain  the  significance  of  the  letters  E,  W,  N,  S,  as  affecting  the  ap- 
plication of  the  chart  differences,  it  may  be  stated  that  E  and  N  have  been  treated  as  being  plus,  IV  and  .S  as  minus,  the  chart 
dmerence  being  equal  to  the  Carvegie  values  minus  the  chart  value.  The  horizontal  intensity  is  always  regarded  as  positive,  and 
the  signs  plus  and  minus  have  their  usual  significance. 

■  Expressed  in  units  of  third  decimal  C.  G.  S. 
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Date 

Lati- 
tude 

Long. 
East 
of  Cir. 

Carnegie  Values 

Chart  Values 

Chart  Differences- 

Ded'n 

Incl'n 

Hor. 
Int. 

Decl'n 

Incl'n 

H.In. 

Decl'n 

Incl'n 
U.S. 

H.  In. 

Brit.  I  U.  S. 

U.S. 

U.S. 

Brit.  1  U.  S. 

U.S. 

1921 

Mavl2 

34  12  N 
34  07  X 
2,i  50X 
ii  42  N 
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Zi  16N 
32  39N 
32  29N 
31   12X 
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219  07 
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221  55 
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224  51 
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224  U 
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217  52 
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217  14 
217  06 
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16.2  E 
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15.9  E 

15 '5  E 
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14^2  E 
14. 3E 

U'OE 

54.8  N 

.262 

54.9  N 
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1 
o'4\V  'o'2\V 

o.2\v:  0.0 

6;4\V  '0.2W 
0.4\Vi  0.3\V 

0.1  S 



, 

P 

16.5  E 
16. 4E 

16. 3E 
16. 2E 

13 

54.7  X 

'262' 

■ 

13 

54. 6  X 

.267 

0.1  X 

-5 

13 

16. 4E 
16.3  E 

16.2  E 
16. 2E 

14 

U 

54.0  N 

.266 

54.0  X 
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0.0 
0.2  N 

-4 

14 
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15.5  E 
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i'oVVl  0.8VV 
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15 

15 

52.4  N 
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15 
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16 

16 
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.281 
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0  1  X 

-3 

16 

14.6  E 

14.3  E 
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17 
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i2'5  E 
12. 3E 
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47. 8N 

.288 
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18 
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18 
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19 

19 
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20 
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21 

21 
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O.IN 

-1 

21 
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O.IW 
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0.0 

22 

10. 4E 

22 
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.318 

34.5  X 
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0.0 

-I 

22 

10.0  E 
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10.0  E 

0.2VV 
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0.2W 
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U 

10. OE 

9.'8E 
9.5  E 

9^2  E 

9  1  E 

U 

31. 6N 

.321 

31.8  X 

.322 

0.2  S 

-1 

li 

9.8  E 
9.4E 

9.7  E 
9.4E 

0.0 
0.1  E 

0.1  E 
0.1  E 

24 

24 

27. 7N 

.325 

28.3  X 
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0.6  S 

-1 

25 
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25 
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25 
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26 
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26 

21.1  X 
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22. OX 

.331 

0.9  S 
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-1 

26 
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8.7  E 

8  6E 
8.4E 

0.2VV 
0.1  E 

0.0 
0  4E 

27 

27 

'8;7E 
8.4E 

8;6E 
8.7E 

19  IX 

.330 

20.0  X 

332 

-2 

27 

8.7E 
8.7E 

8.5  E 
8.4E 

0.0 
0.3W 

0.2E 
0.0 

28 

0.9  S 

"i.i  s 
i.i  s 

28 

17.1  N 

iM 

18  ON 
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1 

28 

8.6E 
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8.4E 
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0.0 

0  2  E 

29 
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29 
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16  2  X 
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29 
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0.3E 

30 
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14  9  N 

.337 

31 

8.3E 
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0.3  E 
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6 
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8 
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9 

9 
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10 
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n* 
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.349 

1 

1 
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8.1  E 
8.1  E 
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.4E  8.2E 


.5E!  8.3E 
.7E;  8.5E 


8.6  S 

ii'i's 


8.8E{  8.6E 
8.9E  8.8E 


9.0E  8.8E 


13.5  S 
15.0  S 


9.1  E  8.9E 

9.1  E  9.0E 

9.2  E'  9.1  E 


9.3E!  9.2  E 


17.1  S 
18.  7  5 


9.3E 
9.3E 
9.3E 


9.2  E 
9.2  E 
9.2E 


9.3  Ei  9.3E 


9.3  E  9.3  E 


9.4E 


9.4E 
9.4E 


9.5  E 
9.6E 


9.3  E 


9.4  E 

9.5  E 


9.6E 
9.7E 


9.5  E 
9.7  E 


9.7  E 
9.8E 


21.8  S 
23.4  S 
24.6  S 
27.0  S 


.  338 
'339 
'  340 
'  343 
'  343 
'345 
"347 


.350 
^351 


.352 

'352 


.352 
.352 


.352 
.353 

'.  352 
'352 


'  Off  Penrhyn  Island. 
'  Off  Manihiki  Island. 


•  Local  disturbance  off  Rakahanga  Island. 
'  Local  disturbance  off  Manua  Islands. 


0.1  E 
O.IW 


O.IW 
0.1  E 


0.0 
0.3\V 


0.2W 
O.IW 


0.0 
O.IW 


0.1  E 
0.0 


O.IW 
0.1  E 
0.1  E 


0.4W 
O.IW 


0.3W 
0.2W 


0.4W 


0.2W 
O.IW 
0.2W 


0  4W 


0.3E 
0.8W 
0.1  E 
0.0 


0.2W 
O.IW 


0.0 
0.2E 


0.3  E 
0.1  E 


0.1  E 
0.3E 


0.2  E 
O.IW 


0.0 
0.1  E 


0.2  E 
0.1  E 


0.3  E 
0.2  E 


0.1  E 
0.3  E 
0.3  E 


0.1  E 
0.1  E 


O.IW 
O.IW 


0.2W 


0.0 
0.0 
O.IW 


0.3W 


0.4E 
0.7VV 
0.2E 
0.0 


0.2W 
0.0 


0.0 
0.1  E 


0.0 
0.2  E 


0.1  E 
1.1  E 


0.0 
0.1  E 


0.0 
1  0  E 


1.3  S 


1.0  s 

-1 

i.s  s 

-1 

1.4  S;  -1 

1.5  S 

-1 

0.2  S 

-2 

0.4  S 

-2 

0.7  S 

-2 

1.2  S 

-6 

1.3  S 

-3 

1.4  S 

-3 

1.5  S 

-3 

0.8  S 

-4 

0.7  S 

-1 

0.2  S 

-3 

0.4  S 

'    -1 

0.6  S 
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Notes  on  Trip  from  Honolulu  to  Apia,  Samoa 

After  completing  intercomparisons  at  the  Honolulu  Magnetic 
Observatory,  we  set  sail  on  the  Carnegie  April  28,  and  upon  round- 
ing the  island  of  Oahu  ran  into  the  northeast  trade,  which  held 
until  we  reached  the  parallel  of  34°  north  latitude.  Westerly  and 
northerly  winds  generally  prevailed  as  the  vessel  sailed  eastward 
along  this  parallel.  On  May  13  we  picked  up  the  northeast  trade 
again,  and  then  steered  a  southeasterly  course  until  May  21,  when 
we  changed  it  to  a  southwesterly  one,  direct  for  the  Samoan  Islands. 
The  Carnegie  entered  the  region  of  the  "doldrums"  on  May  27 
and  left  it  on  May  29,  with  a  light  southeast  wind  which  con- 
tinued with  variable  force  all  the  way  to  Pago  Pago,  but  grew 
quite  strong  two  days  before  we  reached  the  port. 

On  June  12  we  stopped  a  few  hours  at  Penrhyn  Island,  which 
is  a  typical  coral  atoll.  The  brief  visit  ashore  was  a  welcome 
relaxation,  and  enabled  us  to  secure  some  cocoanuts  and  Raro- 
tonga  oranges.  The  Carnegie  did  not  enter  the  lagoon,  but  stood 
off  and  on  near  the  west  passage.  We  sounded  this  passage,  which 
is  40  yards  wide,  and  found  21  feet.  Good  anchorage,  with  ample 
maneuvering  and  swinging  room  is  found  inside  the  lagoon  near 
the  western  village.  The  population  includes  380  natives  and  4 
white  men,  one  of  the  latter  being  the  resident  agent  of  the  New 
Zealand  Government.  Copra  and  pearl  shell  are  the  only  exports. 
We  also  stopped  a  few  hours  at  Manihiki  Island,  on  June  15,  and 
obtained  fresh  fish,  eggs,  and  cocoanuts.  About  500  natives  are 
living  here,  apparently  quite  healthy  and  industrious.  They  make 
excellent  hats,  mats,  and  baskets.  A  fev.'  bananas  and  papaya 
grow  near  the  village. 

The  Manua  Islands  were  sighted  early  on  June  20,  and  by 
6''  20"*  on  the  same  evening  we  had  moored  to  the  buoy  in  Pago 
Pago  harbor.  After  setting  up  the  rigging  and  replenishing  stores, 
the  Carnegie  left  Pago  Pago  in  the  afternoon  of  June  28.  and  ar- 
rived off  Apia  the  following  morning.  The  total  distance  to  Apia 
was  5,980  miles,  which  makes  an  average  of  110.7  miles  per  day 
for  the  54  days  of  sailing. 

Winds  were  usually  quite  favorable  throughout  the  passage, 
though  never  very  strong;  no  storms  were  encountered,  and  ob- 
serving conditions  were  excellent.  Declination  observations  were 
made  on  every  day  but  one,  usually  twice  a  day.  On  May  31  the 
\essel  was  swung  for  declination  observations  under  fairly  good 
conditions,  the  maxinuun  rolling  being  5°  to  starboard  and  8°  to 
port,  and  the  ranges  in  the  results  were  no  larger  than  the  indicated 
error  of  observation,  5'  in  the  collimator  results  and  9'  in  the  de- 
flector. We  ran  the  engine  at  various  times  to  take  the  vessel 
through  belts  of  calm  and  also  to  make  port.  It  was  especially 
useful  on  entering  the  harbor  of  Pago  Pago,  in  reaching  the  moor- 
ing buoy,  and  later  in  docking  the  vessel.     A  total  of  164  hours 
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running  of  the  engine  was  logged  on  the  way  from  Honokilu  to 
Pago  Pago. 

The  following  table  may  be  of  interest  in  showing  the  gradual 
changes  found  in  the  ocean  currents  as  we  crossed  the  equatorial  and 
counter  currents.  It  also  shows  that,  with  an  ordinary  sextant, 
bright  stars  or  planets  may  be  observed  in  broad  daylight  under 
favorable  conditions.  On  such  occasions  the  ship's  position  can 
be  fixed  free  of  all  uncertainties  in  the  dead  reckoning. 


Date 


L.A.T. 


Object  Sighted 


Purpose 


Hourly  Current 
Lat.     I  Departure 


Remarks 


1921 
June  J 


June  6 


June 


h     in 

6  57 

9   U 

12  00 

16  04 

18  35 

5  27 

9  15 

12  00 

15  43 

18  00 

18  35 

8  05 

9  15 


Sun  [Longitude 

Venus  and  Sun  iLat.  and  Long. 

Sun  [Latitude 

Sun  'Longitude 
a  Centauri  and  SiriuSiLat.  and  Long. 

Venus  and  Achernar  Lat.  and  Long. 

Venus  and  Sun  Lat.  and  Long. 

Sun  and  X'enus  Lat.  and  Long. 

Sun  and  Jupiter  Lat.  and  Long. 

Jupiter  Lat.  (standby) 
a.  Centauri  and  Sirius  Lat.  and  Long. 

Sun  Longitude 

Venus  Latitude 


Mile 


0.40  N 
0.50  N 


0.35  X 
0.74X 

0 .  95  N 
0.61  X 

1 .  14  X 


0 .  40  X 

n'32  X 


Mile 
0.55  E 
0.83  E 


0.72  E 
0.40  E 
0.19  E 
O.llW 

o.2nv 

0.35W 


0 .  86W 
0 .  73\\' 


X'enuson  meridian 


Sumner  lines 
Sumner  lines 
X'enus  on  meridian 

Sumner  lines 

Sumner  lines 


The  gradual  change  in  the  current  from  an  easterly  direction  to 
a  westerly  is  brought  out  in  the  column  of  departure.  Five  sep- 
arate and  independent  determinations  of  the  position  giving  both 
latitude  and  longitude  were  made  during  the  daylight  hours  of 
June  6;  Venus  and  Jupiter  were  sighted  twice  during  bright  sun- 
light hours. 


THE   MAGNETIC  STORMS  OF  MARCH   22-25,    1920,  AND 

MAY  13-17,  1921,  AT  VASSOURAS  MAGNETIC 

OBSERVATORY,  BRAZIL. 

By  Alix  Lemos. 

Geographic  position. — Latitude,  22°  23'  57"  S;  longitude,  43° 
39'  00"  West  of  Greenwich. 

The  times  given  heloiv  refer  to  Greenwich  mean  civil  time. 

Magnetic  Storm  of  March  22-25,  1920. 

Declination  (D). — Sudden  commencement  at  about  9''  9"'.  0, 
with  a  fall  of  5',  the  luminous  spot  being  at  that  time  moved  to- 
ward the  east;  after  that,  a  short  series  of  small  oscillations  oc- 
curred. The  principal  phase,  which  consisted  of  a  series  of  oscilla- 
tions of  greater  amplitude  and  period,  began  at  approximately 
13^  56"",  and  continued  for  6  hours,  accompanied  by  a  period  of 
3  hours  of  relative  quiet.  Then  followed  a  more  perturbed  portion 
of  the  curve,  consisting  of  waves  of  period  greater  than  one  hour, 
on  which  were  superposed  vibrations  of  small  amplitude  and 
period.  The  principal  phase  lasted  until  approximately  10''  of 
March  23.  At  about  2'^  00"\  on  the  24th,  the  storm  appeared  to 
have  ceased,  since  the  east  progression  at  11''  resumed  its  normal 
course  and  aspect.    The  curve  was  again  disturbed  at  5**  on  the  25th. 

Horizontal  intensity  (H). — The  magnetic  storm  which  at  the 
Vassouras  Observatory  always  manifests  itself  much  more  intense 
in  the  curve  which  registers  the  variations  of  the  horizontal  com- 
ponent, began  also  at  9''  9""  with  a  sudden  increase  of  5O7  in  the 
normal  value  of  intensity  which  remained  increased  during  4  hours 
and  20  minutes,  more  or  less.  At  13''  30'",  approximately,  the 
value  of  the  intensity  began  to  decrease  rapidly,  being  at  14''  40"" 
equal  to  242327,  representing  a  fall  of  3197  with  respect  to  the 
value  at  13''  30"";  this  was  the  moment  at  which  the  principal 
phase  of  the  perturbation  began,  characterized  not  only  by  vibra- 
tions of  great  amplitude  and  period,  but  also  by  the  low  value  of 
the  intensity,  H.  From  19''  35""  U^  22^  33'"",  the  magnetic  storm 
showed  a  marked  period  of  calm,  the  curve  scarcely  exhibiting 
small  vibrations,  the  value  of  the  force  being  again  low.  At  the 
end  of  this  interval  ensued  a  more  disturbed  portion  of  the  prin- 
cipal phase,  exhibiting,  however,  the  same  characteristics  as  the 
first  part  and  ending  at  10''  44"",  when  the  final  phase  began  which 
appears  to  have  ended  at  2'',  approximately,  on  March  24,  since 
from  this  moment  until  11''  the  curve,  like  that  of  the  declination, 
assumed  its  normal  aspect.  At  11'',  however,  there  began  another 
disturliance,  long  waves  with  accompanying  \ibralions,  rapid  and 
of  small  amplitude,  the  mean  value  of  the  force  remaining  mean- 
while almost  normal.  This  disturbance  lasted  until  about  6^  of 
March  25. 

Vertical  inteiisity  (Z). — The  Z-ctjmponcnt  trace  shows  also  the 
same  sudden  commencement  as  the  two  preceding  ones,  with  a 
sudden  fall  of  I67.  and  exhibits,  as  in  the  case  of  the  large  mag- 
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netic  storms  registered  here,  the  same  symmetry  in  relation  with 
the  perturbation  in  the  //-curve,  although  on  a  much  smaller  scale. 

Magnetic  Storm  of  May  13-17,  1921. 

This  storm  was  one  of  the  most  intense  of  those  recorded  at 
the  Vassouras  Observatory,  especially  with  regard  to  the  //-  and 
Z-components. 

Declination  (D). — The  sudden  commencement  occurred  at  13^ 
12""  on  the  13th,  with  sudden  diminution  of  5'  in  the  pre-storm 
value  of  the  declination;  there  ensued,  after  this  diminution,  a 
long  series  of  small  oscillations,  interrupted,  at  times,  by  greater 
waves  and  constituting  the  initial  phase  of  the  storm. 

At  19**  21'"  began  the  principal  phase,  characterized  by  waves 
of  greater  amplitude  and  period,  on  which  were  imposed  vibra- 
tions, rapid  and  of  small  amplitude.  The  storm  reached  the  great- 
est intensity  from  22 ^  IS"™  on  the  14th,  to  12 '»  O""  on  the  15th,  with 
a  strong  increase  of  declination,  whose  value  reached  its  maxi- 
mum of  12°  25'  W  at  3'^  48"'  on  the  15th.  From  12 ^  0™  on  the  15th 
onwards,  the  perturbation  began  to  diminish  in  intensity  until  it 
ended  at  8'\  approximately,  on  the  17th,  showing,  nevertheless 
from  1''  30™  to  14'^  on  the  16th  an  appreciable  increase. 

Horizontal  intensity  (H). — The  sudden  commencement  occurred 
also  at  13"^  12™  on  the  13th,  with  a  sudden  increase  of  I267  in  the 
intensity  of  H,  with  respect  to  its  pre-storm  value.  This  increase 
was  follow^ed  by  a  series  of  rapid  vibrations  of  small  amplitude, 
accompanied  at  the  same  time  with  a  gradual  diminution  in  the 
intensity  of  the  force.  The  diminution  lasted  until  19'^  21™,  when 
the  principal  phase  of  the  storm  began.  This  consisted  of  two 
periods  of  strong  disturbance,  separated  by  another  of  relative 
calm.  The  first  began  with  the  sudden  increase  of  397,  followed 
by  a  fall,  almost  as  sudden,  of  4O87  in  two  hours,  in  the  value  of 
the  intensity,  H,  which  reached  a  minimum  of  240997  at  21''  45™. 
From  this  time  to  9'^  15™  of  the  14th  the  intensity  of  the  force 
increased  appreciably,  remaining,  however,  below  the  normal 
value. 

From  9'^  15"'  until  22^'  18™,  when  the  most  intense  phase  of 
the  storm  began,  the  curve  scarcely  exhibited  vibrations  of  small 
amplitude  and  period.  This  was  the  period  of  relative  calm  to 
which  we  referred  above.  At  22''  18™  there  began  a  series  of  long 
oscillations  and  of  excessive  amplitude,  on  which  smaller  and  also 
irregular  waves  were  superposed,  the  luminous  spot  which  nor- 
mally registers  the  variations  of  //,  being  thrown  outside  the 
limits  of  the  trace;  the  same  thing  occurred  with  the  second  record- 
ing device;  the  value  of  the  intensity,  //,  was  236OO7  at  5*^  44™, 
approximately.  This  intense  disturbance  lasted  until  12''  0™  on 
the  15th,  when  the  final  phase,  or  recovery,  began,  which  lasted 
until  1''  30™  on  the  16th.  At  this  time  there  occurred  a  noticeable 
increase  in  the  storm,  with  fall  of  2OO7  in  two  hours,  in  the  value 
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of  H,  then  equal  to  241757.  Thus  at  17''  ()'",  approximately,  on 
the  17th,  ended  this  notable  disturbance. 

Vertical  intensity  (Z). — As  formerly  in  the  case  of  other  storms, 
the  Z-curve  exhibited,  on  a  smaller  scale  and  symmetrically,  the 
characteristics  presented  by  the  trace  which  registers  the  varia- 
tions of  the  horizontal  component  H. 

This  storm.,  which  coincided  with  the  passage  of  the  central 
meridian  of  the  Sun  of  a  large  spot,  was  accompanied  by  remark- 
able northern  ligJits  and  intense  earth-currents,  which  interrupted 
for  hours,  both  submarine  and  land  telegraphic  transmission.  To 
the  data  (Table  1)  which  give  the  essential  characteristics  of  the 
above-mentioned  storms,  we  add  those  (Teible  2)  which  were  fur- 
nished to  the  Director  of  the  National  Observatory  by  the  Chief 
of  the  Telegraphic  Service  of  the  K.  F.  C  of  Brazil. 

T.VBLE  \.— Magnetic  data.  March  22-25,  1920,  and  May  13-17,  1920. 


No. 


Ouantit\- 


Mar.  22-25,  1920 


D 


II 


z 

D 

y 
6685  S 

11   25\V 

6748  S 

12  25\V 

6652  S 

11    18\V 

()6 

1   07 

38 

0  04 

68  i  hrs. 

96  hrs. 

Mav  13-17.  1920 


// 


Monthh'  mean 

Maximum  \aliR' 

Minimum  \aluc 

Range  ( .\o.  2 — Xo.  3) 
Range  for  mont  Ii .  .  .  . 
Duration 


11 

14\V 

11 

31\V 

11 

08 

0 

23 

0 

08 

68  hrs. 

7 
24506 

24555 

24076 

479 

100 

68d=  hrs. 


7 
24465 

24608 

23600 

1008 

?>2 

96d=  hrs. 


7 
6822  S 

6886  S 

6774  S 

112 

21 

96  hrs. 


T 

.\BLE  2. — 

Earth-current  pfienomena  observed  on  May 

14,  1921. 

Began 

Ended 

i 
I'oints  reached                  Intensity              KlTect 

21  .15  hrs. 

24  00 
22.20 
21.20 

2.35  hrs. 

3.00 
3  00 
3  00 

S.  Paulo  -Rio 

S.  I'anio  -ri)ei".il)inha 

Rio     (.uril  yba  -1'.    A  leg  re 
Canipanha — Serra 

Rio  —Campos — X'ictoria,    Ba- 
hia   -Cachocira  — Ilheus — 
Monte  .\lto 

Weak 

Strong 
Strong 
Strong 

Did     not    disturl) 
the  telegraphU" 
traffic. 

Dist  urhed  tele- 
graphic    traffic. 

Disturbed     irafti<-. 
Disturl)ed    traffic. 

Note. — In  Bello — Horizonte,  the  phenomenon  was  not  observed. 


ZUR  PHYSIKALISCHEN  THEORIE  DES  ERDMAG- 

NETISMUS. 

Vox  A.  NipPOLDT  (Potsdam). 

Abstract. — The  following  chief  conclusions  are  reached:  The  principal 
part  of  the  Earth's  magnetic  field  consists  of  a  non-homogeneous  magnetization 
of  the  Earth's  crust  down  to  a  depth  of  about  20  km.  In  addition,  there  may- 
exist,  for  the  Earth's  nucleus,  a  magnetic  field  symmetrical  both  about  the 
Earth's  axis  of  rotation  and  the  equatorial  plane,  which  may  have  arisen  in 
the  same  manner  as  has  the  Sun's  general  magnetic  field.  Besides  these  two 
fields  there  may  be,  in  general,  a  third,  interplanetary,  field,  whose  axis  is  per- 
pendicular to  the  plane  of  the  ecliptic  and  which  may  be  caused  by  the  Sun's 
electric  radiation.  How  this  latter  field  may  be  interrelated  with  the  other  two 
fields  is  not  at  present  discussed. 

Wollen  wir  das  beharrliche  erdmagnetische  Feld  physikalisch 
erklaren,  so  stellcn  sich  iins  zwei  Arten  von  Hindernissen  in  den 
Weg.  Die  einen,  mehr  formalen,  kann  man  die  mathematischen, 
die  anderen,  sachlichen,  die  physikalischen  hezeichnen. 

Die  mathematischen  gehen  darauf  zuriick,  dass  aus  Beobachtun- 
gen  aiif  einer  magnetischen  Kugel  ihr  Potential  nur  auf  der  Ober- 
flache  und  im  Aussenraum  abzuleiten  ist,  dass  aber  fiir  den  Innen- 
raum  unendHch  viel  Moglichkeiten  der  Magnetisierung  bestehen, 
von  denen  jede  fiir  sich  und  sogar  eine  Vereinigung  beliebig  vieler 
dem  beobachteten  Oberflachenfeld  aquivalent  ist.  Eint;  Entschei- 
dung  fiir  irgend  eine  derselben  ist  erst  moghch,  Avenn  man  iiber 
die  Verteilung  des  Magnetismus  in  der  Erde  auf  anderem  Weg 
eine  A.nschauung  gewonnen  hat.  Diese  anderen  Wege  setzen  sich 
zusammen  aus  einer  physikalischen  Hypothese  und  der  aus  Nach- 
barwissenschaften  gefolgerten  Vorstellung  vom  Aufbau  des  Erd- 
innern. 

Zusehends  wachsen  unsere  Kenntnisse  u!)er  den  Aufbau  der 
P>de.  Die  Erdbebenkunde  enthtillt  uns  das  Bestehen  eines  Nickel- 
Eisenkerns,  umgeben  von  mehreren  Mantelschichten  \'erschie- 
dener  Dichte.  Die  Schweremessungen  lassen  erkennen,  dass 
etwa  120  km.  unter  der  Oberflache  sich  eine  Schicht  befindet,  in 
der  sich  alle  vertikalen  Drucke  hydrostatisch  ausgleichen.  Die 
geringen  zeitlichen  Schwankungen  des  Horizontalpendels,  die 
Abanderung  der  Euler'schen  zur  Chandler'schen  Periodc  und 
andere  Angaben  Hefern  uns  einen  Wert  fiir  den  Koeffizienten  der 
elastischen  Starrheit  der  Erde:  die  Theorie  giebt  uns  brauchbare 
Zahlen  fiir  die  Verteilung  von  Druck  und  Temperatur  im  Inncrn. 
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Aber  bei  der  Verwendung  aller  dieser  Erkenntnisse  fiir  unser 
Problem  zeigen  sich  aiich  die  Schwierigkeiten  der  zweiten  Art: 
Wir  finden,  dass  im  Innern  der  Erde  Zustande  herrschen,  iiber  die 
iins  jede  Erfahrung  vollkommen  fchlt,  sobald  wir  damit  mag- 
netische  in  Vergleich  setzen  wollen.  Drucke  von  solcher  Grosse 
bei  gleichzeitigen  Temperaturen  von  solcher  Hohe  konnen  wir  im 
Laboratorium  nicht  nachahmen. 

Halten  wir  uns  nur  an  die  sicheren  Laboratoriumserfahrungcn, 
so  mi^issen  wir  feststellen,  dass  unterhalb  einer  Tiefe  von  der 
Grossenordnung  20  km.  eine  Temperatur  vorhandcn  ist,  bei  der 
der  wichtigste  magnetisierbare  Korper,  das  Eisen,  nicht  mehr  mag- 
netisierbar  ist.  Diese  Schicht  wiirde  noch  nicht  einmal  an  die 
isostatische  Ausgleichsflache  auch  nur  entfernt  heranreichen. 

Dies  hat  den  Blick  der  Erdmagnetiker  auf  die  tieferen  Schich- 
ten  gelenkt,  selbst  trotz  der  Notwendigkeit,  nun  die  Hypothese 
einfiihren  zu  miissen,  dass  das  heisse  Erdinnere  gegen  alle  unsere 
Erfahrung  dennoch  magnetisierbar  sei.  Allerdings,  seit  Hale 
nachgewiesen  hat,  dass  die  ebenfalls  heisse  Sonne  ein  magnetisches 
Feld  tragt,  hat  unsere  Hypothese  viel  von  ihrer  Kiihnheit  verloren. 
Ist  das  magnetische  Feld  der  Sonne  nicht  an  die  Wechselwirkung 
zwischen  ihrer  Oberflache  und  dem  \\'elti'aum  gebundcn,  so  scheint 
es  nicht  mehr  unerlaubt,  auch  bei  unserem  Planeten  cin  an  das 
tiefere  Innere  gebundenes  Feld  fiir  moglich  zu  halten. 

Fines  schliesst  das  Andere  nicht  aus,  und  so  ist  eine  gev.'isse 
W'ahrschcinlichkeit  dafiir,  dass  bcide  Ursachen  gleichzeitig  bestehcn, 
d.  h.  dass  die  Erde  ein  Rindenfeld  und  ein  Kernfcld  bcsitzt. 

Xehmen  wir  an,  dass  der  Erdkern  in  alien  Breitcn  gleichschnell 
und  um  die  Achse  der  Erde  roticre,  so  hat  das  Kernfcld  nur  ein 
Glied  von  der  Form  g°  cos  v,  wo  v  das  Komplement  der  (geozentr.) 
Breite  sei,  ganz  wie  bei  der  Sonne.  Das  g°,  das  wir  aus  den  Beob- 
achtungcn  auf  der  Erdoberflache  berechnen,  enthalt  auch  den 
Teil  der  Rindenmagnetisierung,  der  mit  cos  v  variiert,  den  quasi- 
homogenen  Antcil  um  die  Erdachse;  .?,•,  //,'  aber  konnen  im  Kern- 
fcld nicht  auftreteii.  Fiihrl  man  c,  =  \/  {g^^y  -f  (//,')^  ein,  so  giebt 
diese  Cirossc  cin  Maass  fiir  den  Rintlenanteil  ab,  wahrend  Cp 
g^'^  bcnannt  sei. 

L.  A.  Bauer'  hat  die.se  W'ertc  fiir  verschiedene  Brcitcnkreise 
getrenht  berechnet.  f,,  also  der  Antcil,  den  wir  allein  der  Rinden- 
magnetisierung zuschreiben,  wachst  unauflKirlich  \c)n   Nord   nach 

'  Terr.  Mor.  17,  S.  84. 
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Slid.     1st  IF  die  Wasserbedeckung  der  Breitenschicht  in  P.rozentcn 
ihrcr  ganzcn  Crosse,  so  findet  man,  dass 

O  =  0.074  +  0.00123  (IF  -  73). 
Der  einzelne  Wert  \on  c^  wird  damit  bis  auf  =•=  10%  des  Mittel- 
werts  genau  wiedergegeben.  Das  Ganze  ist  nur  eine  Stichprobe, 
und  W  nur  als  ein  erstes  und  rohes  Maass  fur  die  Gestaltung  der 
Erdrinde  angenommen.  Eine  genauere  Untersuchung  wiirde  mit 
den  Kugelfunktionskoeffizienten,  einerseits  des  magnetischen  Felds, 
andererseits  der  Yertcilung  der  Kontinentalmassen  arbeiten.  Ist 
ein  solchcr  Einflus  der  Rinde  da,  so  muss  er  auch  in  Cp  zur  Geltung 
kommen,  da  in  ihm  ja  nicht  nur  das  Kernfeld  wirkt.  In  der  Tat 
zeigt  die  Kurve  der  c^  ihr  Maximum  nicht  am  Aeqiiator,  sondern 
bei  etwa  13°  nordlicher  Breite,  also  nach  der  Landhalbkugel  bin 
verschoben.  Nimmt  man  nun  an,  was  nach  den  spateren  Unter- 
suchungen  nur  roh  erfiillt  sein  kann,  dass  die  Erdrinde  nach  alien 
Richtungen  hin  gleichwertig  wirksam  sei,  so  miisste  Cp  —  Cg  dies 
zeigen.     Hier  crgiebt  sich- 

Cp  -  r,  =  0.253  -  0.00176  (W  -  73). 
Der  einzelne  Wert  wird  auf  5.4%  genau  dargestellt.     Die  Fakto- 
ren  der  beiden  Gleichungen  sind  merklich  gleich,  und  0.253  ware 
der  Koefifizient  i^J  des  Kernfelds  auf  der  Oberflache. 

Jedenfalls  bekunden  die  Bauer'schen  Zahlen,  da.ss  zu  der 
Verschiedenheit  der  nordlichen  und  der  siidlichen  Halbkugel,  wie 
sie  auf  so  vielen  Gebieten  der  Geophysik  festgeste.llt  ist,  nunmchr 
auch  noch  durch  den  Erdmagnetismus  ein  Beitrag  geliefert  wird. 

Bauer  hat  weiterhin  die  Werte  fur  nordliche  und  sudliche 
Breitenkreise  glcichen  Winkels  gemittelt,  ferner  Cp  und  Q  fiir 
Zonen  vom  Aequator  bis  zu  den  betreffenden  Breitenkreisen  be- 
rechnet,  und  noch  spater  stiitzt  er  seine  Betrachtungen  auf  die 
getrenntc  Bchandlung  der  Komponenten  X,  Y,  Z  (S.  117  /.  c). 
Er  fiihrt  dann  ein,  was  er  die  "charakteristischen  Funktioncn" 
nennt.     Sie  sind  definiert  durch 

J^  '7  y 

/;,  («)  =  -. ;  j\  {ii)  =  yi ^°  ;    u  =  90°  -  0  ;    Z^=Z  fiir  den 

sm  u     ■     ^   '       -^      cos  u  ^  '      o 

Aequator; 

wohei  fx  (ti)    aus   der  X—,  f^  (n)   aus  der  Z  —  Komponente   be- 
rechnet  ist. 

Fiir  diese  charakteristischen  Funktioncn  Hegen  einerseits  ihre 
beobachteten  VVerte  vor,  andererseits  solche,  welche,  sich  aus  den 

•Fiir  Cg  ist  das  nach  der  vorangcRangenen  Forniel  berechnete  benutzt. 


102  A.  NIPPOLRT  [Vol..  XXVI.  No.  31 

analytischen  Formeln  berechnen,  welche  der  zu  priifenden  physi- 
kalischen  Vorstellung  entsprechen.  Es  ist  bis  auf  Bauer  noch 
keine  physikalische  Hypothese  aufgestellt  worden,  die  diesc  cha- 
rakteristischen  Funktionen  so  ergab,  wie  es  die  Zahlwerte  fiir  Cp 
verlangen.     Fiir  eine  homogen  magnetisierte  Kugel  sind  sie  von 

den  Polen  bis  zum  Aequator  konstant,  namlich   ~  p  =  Cp  wo  p  die 

spezifische  Magnetisierung  der  Volumeinheit  ist.  Von  einer 
Konstanz  der  Cp  kann  aber  in  der  Natur  keine  Rede  sein.  Bauer 
untersucht  daher  verschiedene  andere  Moglichkciten,  so  z.  B.  dass 
ein  died  hinzutrate,  das  dem  Cosinus  der  Breite  proportional  ist, 
oder  ein  dem  Quadrat  des  Cosinus  entsprechendes,  oder  ein  dem 
Sinus  proportionales,  oder  schliesslich  eine  Kombination  soldier 
Glieder  massgebend  sei.  Als  beste  Darstellung  fnidet  er  jene,  wo 
die  Volumdichtc  dem  Gesetz  p  =  p^  +  p,  sin-  ;/  folgt;  die  obigen 
Cp  —  Werte  werden  dann  auf  1%  genau  wicdergegeben.  Physi- 
kalisch  entspricht  dem:  ein  homogenes  Feld  aus  p^,  hicrzu  ein 
zweites  homogenes  Feld  aus  p^  und  ein  nach  dem  Aecuiator  mit 
dem  Quadrat  des  Sinus  des  Komplements  //  der  Breite  ansteigendes 
Feld.  Das  quadratische  died  wird  als  eine  W'irkung  der  Zentri- 
fugalkraft  der  Erde  aufgefasst,  bez\\'.  \on  deren  radialer  Kom- 
ponente  niRo?  sin'  n. 

Nun  kann  die  Zentritugalkraft  aul  zwei  Arten  wirken.  erstens 
indem  sic  nach  den  Ideen  von  Sutherland,^  Lebedew^,  u.  A.  die 
Dissoziation  der  Klektrizitaten  im  Molekiil  herx'orruft,  und  zwei- 
tens  indem  sie  die  Cicstalt  der  Krdc  \'on  der  Kugel  zum  Rotationsel- 
lipsoid  verandert. 

Zunachst  liess  ich  mich  xon  dem  Gedankcn  leiteii,  dass  die 
Scheidung  der  Ladungen  das  Massgebcnde  sei.  In  diesem  Falle 
muss  die  Dissoziation  und  damit  ihr  magnetisches  Feld  ein  Produkt 
sein,  sowohl  der  Zentrifugalkraft,  als  auch  der  Schwereanziehung. 

Nach  Hclmcrt'"  ist  bis  auf  (ilieder  6.  und  hciherer  Ordnung  die 
Schwerkraft  in  Bczug  auf  das  Niveausphiiroid 

i.  =  ;,„  (1  -f  /;^sin'/^  +  /^sin'  B^ 
wo    ?„    die   Schwerebeschleunigung  am   Aequator   ist,  und   B   die 
gcographische    Breite.      Indem    er    auf    die    geozentrischc    Breite 
iibergehl,  biidet  er  die  IV)rmel 

A'  =  ^a  (1  +  (/^  +  4a/'  —  A,)  sin-  0  —  (Aah  —  (),)  sin""  <t> 

•"  L.  .\.  Bauer,  /.  <. 

«  Lebedew,  Ann.  d.  I'hys.  4.  F.  39,  840-849,   1912.. 

»  Hei.mert,  Lehrb.  d.  Hiiheren  Gcoddsir,  sec.  14,  S.  80. 
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a  =  B  —  </>/ sin-'  <^:  h  =  (gp  —  ga  )  /  ga-  Die  numerischen  Werte 
sind  ga  =  9.780  m;  6  =  b,  =  0.00531;  b,  =  0:  und  a  =  {•  299.26. 
Fuhren  wir  statt  </>  das  Komplcmcnt  v  der  (jeozentrischen  Breite 
ein,  so  giebt  dies: 

g  =  9.7800  +  0.05263  cos^  v  -  0.000694  cos"'  v.       {A) 

Dementsprechend  setzen    wir    nun    tiir   die   Oberflachenladung 
das  (jesetz  an  : 

a    =    (T,!   +   o-j  COS-  V   +   o-._,  COS'*  V, 

was  sich  von  Bauers  Ansatz  durch  das  Hinzutretcn  cines  Glie- 
des  x'ierter  Ordnung  und  durch  das  Auftreten  des  Cosinus'  statt 
des  Sinus'  unterscheidct.  Es  ist  nun  ganz  in  derselben  Weise 
gerechnet  worden,  wie  seinerzeit  Bauer  verging;  um  die  Arbeit 
nicht  unnotig  zu  belasten.  teile  ich  nur  die  wesentlichen  Endformeln 
mit.  Es  vereinen  sich  nunmehr  drei  Teilfelder;  die  Schuster-Lamb- 
Swannschen  ZusatzgHeder  bei  Oberflachenladung  beseitigt  man 
wieder  durch  Uebergang  zu  Raumladungen,  die  nun  die  Gestalt 
haben ; 

p    =    Po   +   Pi  COS-  V   -\-   p.,  COS'*  V. 

Das  Gesamtpotential  hat  die  Form: 

r    =    ^  -   i^-^  -^  TTO)   (p^  -    ^  p,   -    ^  pj  cos  V  +    —   i?3    —  TT  o;  (p,  +  pj 

,3  1         i^*^ 

(cos-  V  —  -)  cos  V  -\-  ^-,  R^    „  p.,  TT  w  (63  cos^  v  —  70  cos-  v  +  15)  cos  v 

so  dass  noch  das  zonale  Kugelfunktionsglied  fiinften  Ranges 
hinzutritt.  Bildet  man  den  Ausdruck  fiir  den  Unterschied  des 
Potentials  der  Flache,  welche  die  eine  Ladung  enthalt  und  der 
Flache  mit  der  anderen  Ladung,  so  hat  man  die,  der  Bauer'schen 
Gleichung  (58)  entsprechende  Endformel: 

r  =  A'i?[(p„-|pi-|pj^^po)  +  i|(p,  +  p,j^V(3)+^p._,^V(-^). 

Durch  Differentiation  nach  dv,  bezw.  dr,  und  Gleichsetzen  \on 
r  =  R  bekommt  man  fiir  die  charakteristischen  Funktionen  die 
analytische  Gestalt 

4  4     ,        90   ,      ,       ,  ,      .,  Ix    ,    5      ,315 

A  =  -    A  [  (p„  -  ^  p,  -  -^  p.,)  -  —  (p,  4-  p..)  (cos-  V  -  p  +  3  ^'-  *^    8 

,  105  •>         ,     15^   1     •  /     /    X      • 

cos^i' —  cos- 1'  +  ^)  J  sin  V  —  /.v  d')  sm  v; 

4  8 
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4  4  60 

2  =  -  2  K  [  {p,  -  -  p,  -  -z  p,)  -    -  (p,  +  p,)  (cos^  V 


4         15 
5")  +  -4   P. 


5  ^'       5  ''''       49 
(63  COS"*  z^  —  70  cos-  v  +  15)  ]  cos  v  =  2/2  (v)  cos  v. 
Diese  bringt  man  d^mn  noch  auf  eine  fiir  die  numerische  Berech- 
nung  geeignete  Form,  und  hat  dann  die  beobachteten  Werte  von 
Cp    mit  dieser  Formel  nach  der  Methode   der   kleinsten  Quadrate 
auszugleichen. 

Als  beobachtete  Werte  treten  statt  der  Cp  die  von  Bauer  Xa 
und  Za  bezeichneten  Komponenten  des  der  Erdachse  parallelen 
und  zum  Aequator  symmetrischen  Feldes  ein,  wie  sie,  in  seiner 
Tabelle  XVIII,  S.  119  /.  c.  fiir  die  Epochen  1840-45,  1880  und 
1885  enthalten  sind,  und  zwar  kommen  nur  die  Mittelwerte  fur=±= 
60°, ±50°,  u.  s.  w.,  in  Frage,  da  unsere  Formeln  nur  die  ungeraden 
Kugelfunktionen  fiihren. 

Die  Losungcn  sind : 

325  105  15 

/^(i.)  =0.3193-0. 0699  (cos'^i'-l/5)-  0.00061  ("g-  cosV— ^-  cos-i'+y)  fur  1885 

325  105  15 

=  0.3181-0.0736  (cos-i^-1/5)- 0.00171  (-g-  cos^i)— ^  cos-t'+-g-)  fiir  1880 

325  105  15 

=  0.3234-0.0679  (cos=it-l/5)-  0.00073  (-g-  cos^y— ;j-  cosh'+-j)  fur  1840-45 

2/2(11)  =0.6189-0.0844  (cos^i»-4/5)-  0.00117  (63  cos^jj-70  cos^-|-15)  fur  1885 
=  0.6228-0.0884  (cos-i^-4/5)-  0.00125  (63  cosH'-70  cos^  +  15)  fur  1880 
=  0.6282-0.0758  (cos'^i'-4/5)-  0.00001  (63  cosH'-70  cos-i'  +  15)  fur  1840-45 

Fiir  1885  als  die  Reihe  mit  den  besten  Ausgangswerten  seien  die 
mittleren  Fehler  der  drei  Zahlen  angegeben ;  sie  betragen  der  Reihe 
nach  beiX,± 0.00004, ±0.0001 7, ±0.0000025;  beiZ,  ±  0.00056,  ± 
0.0013,  ±  0.0000012.  Aus  diesen  reinen  Rcchengrossen  erhiilt 
man  durch  Einsetzen  in  die  Formehi  fiir  X  und  Z  die  folgenden: 


1885 

1880 

1840^5 

^ 

2 

X 

Z 

X 

Z 

K  (Po  -  tPx-  iPi).  .  .  -0.3193 

35;  A'  (  p,  +  p.,) -0.0238 

iKp., j -0.0006 


-0.2957 
-0.0210 


-0.3502 
-0.0391 


-0.0016  -0.0010 


-0.3403-0.3529 

i 
-0.0351J -0.0364 

i 
-0.0010! -0.0004 


—0.3389 
-0.0309 
-0.0000 


Der  crsten  Horizon talreihe  entspricht  dir  Koeffizient  ,(j,",  der 
zweiten  g,',  der  dritten  g*.  Unsere  bekannten  Kugelfunktions- 
entwicklungcn  fiir  1885  lieferten  fiir  diese  Crosscn  die  Werte  jj,"  = 
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0.3174,  <(,'=- 0.0236,  ,t',^=  -0.0012.  Die  Uebereinstimmung  ist  eine 
schr  giKo,  namentlich,  wenn  man  die  Werte  desselben  Jahrs  (1885) 
und  iiier  besonders  das  genauere  X  in  Riicksicht  zieht.  Soweit 
scheint  alles  fiir  einc  cnge  Verbindung  zwisclien  dem  magnetischen 
Feld  der  Erde,  bezw.  seinem  hier  herausgeschalten  Teilfeld,  mit 
dem  Schwerepotential  zu  sprechen,  denn  unsere  Hypothese  iiber 
die  Verteilung  der  Raumdichtc  sah  die  Schwere  als  die  Ursache 
der  Dissoziation  im  Molekiil  an. 

Berechnet  man  nach  der  von  Sutherland"  gegebenen  und  auch 
von  Bauer  benutzten  Formel  die  den  einzelnen  Gliedern  aquiva- 
lenten  Dissoziierungen,  so  bekommt  man  fiir  das  p^  —  Feld  8  X  10"^ 
fur  das  />,  -  Feld  8  X  lO'io  und  fiir  das  p.,  -  Feld  2  X  10-'^  cm.  Wir 
batten  es  also  iiberall  mit  intramolekularen  Vorgangen  zu  tun,  die 
stets  weit  iiber  den  Dimensionen  eines  Elektrons  (4  X  10"^^  cm) 
stiinden.  Allerdings  miissten  die  Verschiebungen  grosser  werden, 
wenn  sie  nicht,  wie  hier  bei  der  Wahl  von  R  stillschweigend  vor- 
ausgesetzt,  bis  zur  Erdoberflache  reichten,  sondern  nur  etwa  das 
gliihende  Erdinnere  betrafen. 

Trotzdem  ist  dieser  Zusammenhang  nur  ein  scheinbarer. 

Um  dies  zu  zeigen.  bringen  wir  die  numerischen  Gleichungen 
der  charakteristischen  Funktionen  auf  dieselbe  Gestalt  wie  den 
Ausdruck  (A)  fiir  die  Schwerebeschleunigung.     Wir  haben  dann: 


jxiv)  1885       j   fx(v)=    +0.3345-0.0857  cos^.'+0.0252  cos^ 
1880         "  =        0.3360-0.1185  cos'^t^+0.0673  cos^w 

1840-45  =       0.3382-0.0871  cos2i'+0.0287  cos^r 


+0.2740/  ¥m 
0.2848  > den 
0.2798  \  Pol. 


i +0.2902  )  Fur 


fz{v)   1885'        fz(v)  =    +0.3436-0.0844  cos-t'+0.0310  cos^rj 

1880       i  =        0.3519-0.0828  cos-i' +0.0365  cos^z'l     0.3056  [-den 

1840-45'  =        0.3445-0.0414  cos\'+0. 0003  cos^rl     0.3034  5  Pol. 

Am  Aequator  ist  Afx(v)  =  ^^fziv)  =0;  die  ganze  Zunahme  vom 
Pol  zum  Aequator  ist  demnach  im  Mittel,  +  0.0518,  oder,  fz  (v) 
mit  1  10  Gewicht,  entsprechend  seiner  Genauigkeit:  +  0.0558  ± 
0.00088=  ±1.6%.  Bei  dem  Schwerepotential  betragt  sie-0.0519. 
Man  kann  auch  sagen:  einer  Zunahme  der  Schwerebeschleunigung 
um  0.0519  ms'-  entspricht  eine  Abnahme  in  /  (v)  von  0.0558 
cm'^g^s"^  Driickt  man  die  Beschleunigung,  wie  hier,  in  Metern 
aus,  so  ist  das  Verhaltnis  der  Zahlen  fast  Kins,  namlich  1 .075. 

Ganz  anders  aber  steht  es  mit  den  ersten  Gliedern  der  beiden 
Grossen !  Eine  ursachliche,  kausale  Verbindung  zwischen  Schwere 
einerseits  und  Magnetismus  andererseits  wiirde  verlangen,  dass 
so  auch  die  beiderseitigcn  ersten  Glieder  im  gleichen  Verhaltnis 
zu  einander  stehcn  wie  die  hoheren.     Schon  daraus,  dass  dem  bei 

«  Terr.  Mag.S.  49-,S2.  1903. 
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der  Schwere  und  dem  magnetischen  Feld  der  Erde  nicht  so  ist, 
crgiebt  sich,  dass  Massenkrafte  (Schwereattraktion  und  Zentrifu- 
galkraft)  auf  das  Atom  keine  wesentliche  Ursache  fiir  das  Entstehen 
magnetischer  Felder  scin  konnen.  Zu  demselben  Ergebnis  kam 
inzwischen  W.  F.  G.  Swann/  der  die  zu  erwartenden  \Mrkungen 
fiir  die  Erde  sowoiil  der  Grossenordnung  als  auch  dem  Sinn  nach 
mit  den  Tatsachen  unvereinbar  findct.  Die  Zentrifugalkraft 
fiihrl  dabei  noch  zu  qualitativ  und  quantitativ  den  besten,  wenn 
auch  noch  ganz  unzureichenden  EinfliJssen.  Ihre  Wirkung  auf 
einen  Korper  ist  seiner  Masse  proportional,  also  bei  einem  Atom 
proportional  den  Massen  der  zu  dissoziierenden  Anteile,  d.  h.  jener 
der  Summe  der  I-'dektronen  und  jener  des  positiven  Atomkerns. 
Wie  man  an  Hand  der  neueren  Anschauungen  iiber  den  Zusani- 
menhang  des  Atombaus  mit  seiner  Ordnungszahl  im  periodischen 
System  leicht  zeigen  kann,  ist  das  Verhaltnis  der  Masse  des  Kerns 
zu  der  der  Summe  der  Elektronen  fiir  alle  Elemente  eine  Konstante, 
namlich  gleich  461.  Wenn  durch  die  Zentrifugalkraft  eine  Tren- 
nung  der  beiden  Elektrizitaten  eintritt,  so  wird  danach  der  positive 
Kern  nach  aussen  getrieben,  und  nicht  die  negative  Ladung,  wie 
es  die  erdmagnetischen  Tatsachen  erforderten.  Man  miisste 
schon  sehr  komplizierte  Zustande  sich  ausdenken,  um  den  ge- 
wiinschten  F^ffekt  zu  erhalten  (z.  B.  dass  der  der  Erdachse  nahere 
Atomkern  in  das  Wirkungsbereich  des  nachsten  weiter  aussen- 
liegenden  Elektronenrings  eintrate;  eine  kurze  Rechnung  liefert 
allerdings  Dissoziationen,  die  selbst  auf  der  Erdoberflachc  nur 
lO"'"  bis  10"-''  cm  geben,  demnach  noch  \'iel  zu  klein  sind). — 

Es  will  also  nicht  gelingen — bis  jetzt  wenigstens — .  das  erdmag- 
netische  luid  das  Schwerefeld  auf  der  Erde  in  ihren  mittleren 
Zustanden  auf  einander  zu  beziehen,  und  doch  haben  Bauers  und 
meine  oben  entwickelten  Rechnungen  dargetan,  dass  die  Aendenin- 
gen  beider  Felder  mit  der  Breite  den  glcichen  Gesetzen  folgen. 
Ist  der  Zusammenhang  kein  unmittelbarer,  so  enthiillt  er  sich  doch 
als  ein  mittelbarer,  und  dies  lenkte  den  Verfasser  auf  die  V'ermutung 
hin,  dass  bei  beiden  Feldern  die  Figur  der  Erde  das  Massgebcnde 
ist. 

Die  geotlatischen  Alessungen  haben  ja  ergeben,  dass  die  Erde 
in  grosser  Anniiherung  eine  Gleichgewichtsflache  der  Schwereat- 
traktion und  der  Zentrifugalkraft  ist:  die  die  (.estalt  \'on  der 
Kugel  zum  Rotationssphiiroid  \ariierende  Kraft  ist  die  Zentrifu- 
galkraft.     Was   hier   die   Wirkung   ist,    die   Abweichung    xon    der 

■  Annual  Refort  Dtp.  Terrestrial  Magnetism  f.  t.  V.  1916,  S.  3.M-3.15. 
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Kugel,  das  kann  nun  beim  Erdmagnetismus  die  Ursache  fiir  die 
eigenartige  Gestalt  der  charakteristischen  Funktionen  sein,  und  so 
ware  die  mittelbare  Verbindung  hergestellt. 

Das  Massgebende  miisste  hiernach  der  Ueberschuss  des  Volums 
des  Erdspharoids  iiber  die  konzentrische  Kugel  vom  Radius  der 
kleinen  Achse  der  Erde  sein.  1st  re  die  Entfernung  eines  Ober- 
flachenpunkts  der  Erde  von  ihrem  Mittelpunkt,  Vk  die  halbe 
kleine  Achse  der  Erde,  so  ist  fiir  das  Komplement  der  geozen- 
trischen  Breite  v  die  Dicke  der  Schiclit  zwisciien  zwischen  der  Kugel 
und  dem  Spharoid: 

re  —  rk  =  a[\  —  a  (1  +  ^\  cos-  v-\-  —  cos*?-  —  (1  —  a) 

a  ist  die  halbe  grosse  Achse,  a  =  1  299.153,  die  Abplattung. 
Mit  den  Bessel'schen  Erddimensionen  berechnet  sich  die  numer- 
ische  Form 

re  -  rk  =  [6.3287504]  -  [6.3309226]  cos^  r  +  [4.0289286]  cos^r  =  Ar. 
Fiir  das  zwischen  den  beiden  Radien  fiir  i\  und  fiir  v..  und  den 
Eogenstiicken  der  Kugel  und  des  Spharoids  liegende  Flachenteil 
ist  der  Inhalt 

I  =  1/2  TT  {v,  -  i\)  ark+  Ar). 
Den    massgebenden    Rauminhalt    bekommt   man   durch    IMultipli- 
kation  von  /mit  dem  Umfang  der  Kreisachse  des  Korpers  vom 
Querschnitt  /: 

U  =  2 -K  [rk  +  yr  2)  sin  (ii  —  v);2\ 
das  \'olum  also  zu 

V  =  2  TT-  iv,  -  y,)  {2rk  +  ^v)-  sin  in  +  v)  2 
Danach  wurde  dies  Volum  nach  Zonen  von  10  zu  10  Grad  in  Breite 
abgeleitet  und  in  Prozente  des  Inhalts  des  Ellipsoids  umgerechnet. 

Fine  Ausgleichung  der  Cp  ergab  holospharisch 

cp  =  0.315  +  0.405  ^V  ^  0.0014. 
T'  sind  die  \  olumprozente;  das  \olle  \'olum  des  Korpers  ist  0.33% 
des  Ellipsoids.  Es  bringt  nach  der  hier  gepriiften  Vorstellung  11% 
von  Cpzw  stande,  wahrend  89%  auf  die  VoUkugel  vom  Radius  h 
entf alien.  Dies  wiirde  dafiir  sprechen,  dass  die  ausseren  Telle  des 
Erdkorpers  einen  erheblichen  Beitrag  zum  Gesamtfelde  lieferten, 
denn  den  11%  entsprechen  beim  Volum  ja  nur  0.33%. 

Dieser  Hinweis  auf  die  hohe  Bedeutung  der  Rinde  fiir  das 
erdmagnetische  Feld  addierte  sich  zu  vielen  anderen,  die  dem 
Verfasser   in   seiner   magnetischen   Tatigkeit   aufgestossen   waren. 
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und  gaben  nunmehr  die  Anregung,  erneut  zu  betrachten,  ob  nicht 
das  ganze  Erdfeld  aus  den  magnetischen  Eigenschaften  der  Rinde 
abgeleitet  werden  konne. 

Die  ausfiihrlichste  Untersuchung  iiber  die  Magnetisierungs- 
fahigkeit  der  Gesteine  verdanken  wir  A.  W.  Riicker.^  Er  fand  als 
grosste  Susceptibilitat  den  Wert  0.00747  fiir  einen  Olivin-Gabbro. 
Gehen  wir  von  dem  spezifischen  Moment  der  Volumeinheit  8.4 
fiir  die  Erdrinde  aus  (bis  zur  kritischen  Tiefe  von  20  km.),  so 
miisste  bei  der  Feldstarke  0.5  die  wirksame  Susceptibilitat  17 
sein,  also  228  mal  grosser  als  Riicker's  immer  noch  sehr  verein- 
zelter  Hochstwert.  Wenn  es  auch  moglich  war,  aus  den  beobach- 
teten  Magnetisierungen  der  Gesteine  die  Anomalien  in  England 
zu  erklaren,  so  ist  es  doch  ausgeschlossen,  den  Magnetismus  der 
Erdrinde  durch  sie  wiederzugeben. 

Der  Trager  der  Magnetisierung  der  Gesteine  Tst  der  Magnetit. 
Es  ist  kein  Zweifel,  dass  er  der  Hauptsache  nach  aus  dem  Erdin- 
nern  stammt.  Dann  wird  man  aber  erwarten  durfen,  dass  der 
Reichtum  an  Magnetit  mit  der  Tiefe  wachst;  es  ist  das  auch  cine  von 
den  Geologen  \n'elfach  geausserte  Mcinung.  In  den  ersten  Ober- 
fllachen-Schichten  wird  von  einer  Zunahme  sich  noch  nichts  aus- 
pragen,  da  sie  im  Laufe  der  geologischcn  Epochen  mehrmals 
aufgestiegen  und  abgesunken  und  daher  stark  vcrmischt  sind  und 
der  Magnetit  dabei  in  unwirksamere  Eisenverbindungen  iiber- 
gefiihrt  wird.     (Vgl.  Boeke,  Umschau,  19,  1919.) 

Wenn  er  rein  fiir  sich  auftriitc  ware  der  Magnetit  jedoch  wohl 
geeignet,  das  Rindenfeld  zu  erklaren,  denn  seine  Susceptibilitat 
ist  doppelt  so  gross  als  jene  des  Stahls.'-*  Einc  Stahlprobe  in  Landolt- 
Bornstcin's  Tabellen'"  giebt  die  Susceptibilitat  240,  also  fiir  Mag- 
netit 480.  Die  einzige  absolute  Bestimmung  fiir  Magnetit,  die  bis 
jetzt  vorhanden  ist,  stammt  von  Du  Bois.'^  Fiir  H,  0.5  kann  man 
aus  der  \-on  ihm  xeroffcntlichten  Kur\e  als  Magnetisierung  der 
Volumeinheit  den  Wert  10,  also  die  Susceptibilitat  20  entnehmen. 
Mithin  ware  das  verlangte  Moment  der  Volumeinheit  der  Rinde 
(8.4)  oder  die  notwcndige  Susceptibilitat  von  17  mchr  als  gedeckt. 
Lcider  beruhen  diese  Zahlen  nur  auf  Messungen  an  cincm  cinzigen 
Kristall.  Sie  sind  daher  in  keiner  Weise  geeignet,  einen  schliissigen 
Beweis  fiir  die  Ricluigkeit  der  neuen  Hypothese  zu  liefern.     Im- 

•  Froc.  Roy.  Soc.  48,  505-S3.S  London  1891. 

•  Winkelm.\nn's  Ilandbuch  der  Physik. 
"  4.  Aufl.  Berlin.  1912. 

"  Phil.  Mag.  29,  S-  301  ;   1X90. 
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merhin  abei  erlauben  sie  uns,  die  Moglichkeit  aufs  Nsue  zu  untcr- 
suchcn,  ob  nicht  der  Magnetismus  der  Erde  zu  eincm  grosscren 
Teil  durch  die  aussere  Rinde  getragen  wird,  als  man  seithcr  sich 
dachte.  Alle  Versuche  der  Physiker  und  Mathematiker,  das  mag- 
netische  Erdfeld  durch  elektrische  Strome  irgend  welcher  oft  fiir 
sich  wicder  sehr  hypofhetischer  Herkunft  zu  crklaren,  scheiterten 
bald  an  der  einen,  Iwld  an  der  anderen  Folgerung  aus  der  Theorie, 
oder  sie  standcn  mit  den  Reobachtungen  nur  in  massigem  Ein- 
klang,  oft  sogar  in  Widcrsnruch  zu  ihnen.  W'ieviel  <  infacher  er- 
scheint  da  die  alteste,  man  kann  sagen  Gilbert'sche  Idee,  wonach  die 
Erde  nichts  anderes  ist,  als  ein  natiirlicher  Magnetstein  grosster 
Dimension!  Und  keine  andere  Hiilfsannahme  ist  notig,  als  dass 
der  oberflachlich  nachgewiesene  Magnetit  mit  der  Tiefe  an  Menge 
zunehme,  eine  Annahme,  die  wirklich  nichts  Phantastisches  an 
sich  hat.  Der  innerste  Kern  der  Erde  besteht  aus  einem  Gemisch 
von  Eisen.  Nickel  und  Cobalt:  schon  allein  desshalb  miissen  die 
Schichten  des  Mantels  um  so  reicher  an  diesen  Elementen  sein,  je 
tiefer  sie  unter  der  Oberflache  liegen.  Weiter  haben  die  \''ersuche 
von  A.  Hopwood'-  gezeigt,  dass  die  Eisenverbindungen  der  Tone, 
wenn  sie  gebrannt  werden,  sich  mit  Vorliebe  in  Magnetit  ver- 
wandeln.  In  dieser  Form  ist  das  Eisen  auch  der  ausseren  Rinde 
zuriickgeblieben,  als  sich  die  Erdwarme  allmahlich  nach  dem 
Inneren  zuriickzog.  In  der  aussersten  Haut  setzte  dann  die  Ver- 
witterung  ein,  es  entstanden  magnetisch  minderwertige  Mineralien, 
kurz  der  Magnetitgehalt  wurde  so  klein,  wie  er  bei  den  uns  zugahg- 
lichen  Gesteinen  meist  gefunden  wird.  (Vgl.  H.  E.  Boeke,  "Die 
Eisenerze,"  Umschaii  19.  23,  289-292,  Frankfurt-Main,  1919.) 
Ist  die  Erdrinde  ein  Haupttrager  des  Erdmagnetismus,  so 
wilren  alle  Unsymmetrien  in  der  Verteilung  des  Felds  leicht  durch 
eine  entsprechende  ungleiche  Verteilung  des  Magnetits  in  der 
Rinde  zu  erklaren,  also  sowohl  die  von  Bauer  festgestellte  "Tor- 
dierung  der  magnetischen  Achse,"  als  auch  jene  der  r^  und  c^,  von 
denen  wir  ausgegangen  sind,  als  auch  die  hoheren  Glieder  und  der 
Hauptteil  des  ersten  Glieds  der  Kugelfunktionsdarstellung.  Da 
der  Magnetitgehalt  unter  der  kritischen  Tiefe  von  etwa  20  km 
nicht  mehr  mitwirkcnd  sein  kann,  jnnerhalb  dieser  20  km  aber  die 
geologischen  Zustande  noch  nicht  ausgeglichen  sind,  so  werden 
auch  die  magnetischen  es  noch  nicht  sein.  W'ie  wir  auf  der  einen 
Seite  Schwereanomalien  beobachten,  miissen  wir  auf  der  anderen 
magnetische    finden.      Die    Dichteunterschiede    haben    gegen    die 

"  Proc.  Roy.  'Soc.  89,  S.  21-30,  London  1914. 
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Gesamtattraktion  des  Erdkorpers  anzukampfen,  die  magne- 
tischen  nur  gegen  die  geringe  Gesamtkraft  der  Rinde;  letztere 
miissen  somit  relativ  sich  viel  starker  auspragen.  Es  kommt  daher 
audi  die  F'igur  der  Erde  magnetisch  starker  zum  Ausdruck  imd 
schliesslich  auch  die  Abweichungen  des  Geoids  vom  Xornial- 
spharoid. 

Da  der  Meeresboden  einer  Verwitterung  des  Magnetitgehalts 
nicht  so  ausgesetzt  sein  wird,  wie  die  iiberseeischen  Teile  der 
Kontinentalsockel,  so  erklart  sich  auch  einfach  die  wohl  zuerst  von 
W'ilde*^  festgestellte  starkere  Magnetisierung  der  Ozeane,  ist  doch 
auch  deren  mittlere  Tiefe  gross  gegen  die  kritische  Tiefe  von  20 
km,  wahrend  sie  gering  ist  gegeniiber  der  Tiefe  der  isostatischen 
Ausgleichsflache  von  120  km,  also  in  den  Schwereanomalien  sich 
nicht  auspragt. 

Eine  Folgerung  cHeser  Anschauungen  scheint  zu  sein,  dass  die 
hoheren  Gheder  des  erdmagnetischen  Potentials  nur  in  geolo- 
gischen  Zeitraumen  veranderlich  sein  konnen.  Betrachtet  man 
die  Zahlwerte  aller  Koeffizienten  fiir  die  Berechnungen  des  ver- 
gangenen  Jahrhunderts,  wie  sie  z.  B,  in  dem  Bericht  der  British 
Association  for  the  Advancement  of  Science,  London,  1898,  zu- 
sammengestcllt  sind,  unter  einander,  so  findet  man  fiir  dieselben 
Grossen  nur  ganz  geringfiigige  Unterschiede,  die  nur  ganz  langsam 
mit  der  Ordnung  wachsen.  Diese  "gutcn"  \\"crte  sprechen  also  in 
der  Tat  fiir  eine  Konstanz  der  Anomalien. 

Anders  sieht  es  mit  den  bekanntcn  Rechnungen  V.  C^irlhcim- 
Gyllenskiold's^^  aus!  Sie  lieferten  das  Ergebnis,  dass  die  einzelnen 
Glieder  mit  venschicdenen  Geschwindigkeitcn  um  die  P>de  wan- 
dcrn,  d.  h.  die  magnctischen  Anomalien  miissten  auf  der  Erde 
Gestalt  und  Grossc  dauernd  andern.  wahrend  die  geologischen 
Zustande  still  stehen  bleiben.  Aber  in  dersclben  Arbeit  finden 
wir  auch  das  Mittel,  die  Schwierigkeiten  zu  beheben,  die  sich 
unserer  Theorie  entgegenzustellen  scheinen.  Im  Anhang  an  seine 
Rechnungen  giebt  der  schwedische  Forscher  eine  Theorie  der 
Sakularvariation  unter  der  Annahme,  dass  der  Aussenraum  der 
Erde  elektrisch  leitfahig  sei.  Danach  muss  eine  Magnetisierung 
der  Erde,  in.sbesondere  eine  hetcrogcne,  ein  W'andern  der  hoheren 
(iliedcr  im  Potential  des  induzierten  Stroms  im  Aussenraum 
erzeugen.  Jedes  Aussenglied  induziert  seinerseits  ein  entspre- 
chendcs  magnetisches  in  der  Erdrinde.     In  jcdcr  Gcgcnd  herrscht 

"  Proc.  Roy.  Soc.  Juni  19,  London,  1890. 

'*  Aslron.  lakllng.  och  Unders.  p&  Stockholtns  Observatorium  5,  18'>6. 
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danach  ein  ursprungliches  lokales  magnetisches  Feld — vergleichs- 
har  (Icm  festen  Anleil  des  Schiffsmagnctismus — und  ein  indu- 
ziertes,  bcwcgliches — gleich  dem  Huchtigen  Schiffsmagnctismus. 
Der  Hauptteil  der  Sakularvariation  steckt  naturlich  im  ersten 
Glicd  und  wurde  schon  von  Schuster  in*  dem  Gyllenskiold'schen 
Sinn  gedeutet.  Ob  die  Anomalien  in  der  Tat  einen  festen  und  einen 
fliichtigen  Anteil  enthalten,  ist  unschwer  festzustellen,  wenn  nur 
einmal  erst  mehrere  gute  magnetische  Aufnahmen  der  Erde  vor- 
liegen  werden ;  die  erste  wirkHch  brauchbare  durfte  allerdings  erst 
die  durch  die  Carnegie  Institution  eben  vollendete  sein. 

Auch  fiir  die  Priifung  der  Theorie  der  magnetischen  Vari- 
ationen  wird  die  Vorstellung,  dass  die  Erdrinde  mit  der  Tiefe  an 
Magnetitgehalt  und  damit  an  Permeabilitat  zunehme,  von  entschei- 
dender  Bedeutung  sein,  dcnn  nun  wird  es  moglich  sein,  die  ausseren 
und  die  inneren  Krafte  im  Felde  der  tagh'chen  Variation  voll  als 
primare  und  induzierte  Strome  aufzufassen  (vgl.  L.  Steiner, 
Meteor.  Zeitschr.,  S.  427,  1912).  AehnHch  abgerundet  wiirde  van 
Bemmelen's  Theorie  der  Mondvanation   (Ebenda,   1912  und   13). 

Das  Gesamtbild  des  magnetischen  Systems  der  Erde  ware 
danach:  Ein  Hauptteil  des  Feldes  besteht  in  einem  inhomogenen 
Magnetismus  der  Erdrinde  bis  in  Tiefen  von  etwa  20  km.  Daneben 
mag  ein  Feld  des  Erdkerns  existieren,  von  dem  zu  vermuten  ist, 
dass  es  um  die  Rotationsachse  und  den  Aequator  der  Erde  symme- 
trisch  ist  und  ahnlich  wie  der  Sonnenmagnetismus  zu  stande 
kommt.  Ausserdem  haben-wir  ein  im  wesentlichen  auf  die  Eklip- 
tik  senkrechtes  von  der  elektrischen  Strahlung  der  Sonne  herriih- 
rendes  interplanetares  Feld.  Wie  dieses  zu  den  anderen  beiden  in 
Wechselwirkung  tritt,  soil  hier  nicht  weiter  behandelt  werden. 


THE   MAGNETIC  STORM   OF  MAY   13-17,    1921,  AT  THE 

METEOROLOGICAL  OBSERVATORY  OF 

TSINGTAU,  CHINA. 

By  T.  Irumata,  Director. 

The  magnetic  storm  of  May  13-17,  1921,  began  suddenly  at 
13^  11"",  Greenwich  mean  time,  on  May  13.  The  horizontal- 
intensity  trace  was  beyond  the  Hmits  of  the  sheet  between  3''  and 
9^  on  May  15. 

Fortunately,  scale  values  were  determined  on  May  11,  and  the 
absolute  values  of  the  two  intensity  components  were  obtained  on 
May  12.  Absolute  declination  obserxations  were  made  in  the 
morning  of  May  13. 

Maximum  and  minimum  \alues  of  declination,  horizontal  and 
vertical  intensity  for  each  day  are  given  in  the  Table  1. 

Table  1. — Data  regarding  magnetic  storm  at  Tsingtan,  May  13-17,  1921. 


Declination 

Horizontal  Intensity 

Vertical  Intensity 

Date 
1921 

Maximum 

Minimum 

Maximum 

Mmimum 

Maximum 

Minimum 

G.M.T. 

Value 

G.M.T. 

Value 

G.M.T. 

Value 

G.M.T.Value 

G.M.T. 

Value 

G.M.T. 

Value 

May  13 

h       m 

21  27 

4   17\V 

h       III 

20  28 

°      '       1       h       m 

4  09\V    13  15 

30946 

h        m 

23  ^2, 

30687 

h       m 

19  25 

39618 

Ii       m 

3  35 

39589 

14 

22  48 

4  41W 

23  58 

4  03\\' 

22  36 

30848 

23  25 

30543 

23  36 

39602 

3  53 

39540 

15 

4  15 

4  33W 

3  24 

4  08W 

1  51 

30837 

3  30 

(30212) 

7  00 

39641 

4  03 

39488 

16 

7  00 

4  28W 

23  24 

4  low 

2   17 

30791 

9  07 

30385 

9  27 

39659 

3  24 

39540 

The  temperature  in  the  magnetogram  room  \aricd  from  13°. 6  on 
May  13,  to  14°. 2  Centigrade,  on  May  17. 


NOTES 


14.  International  Geodetic  and  Geophysical  Union.  The  next  general  meet- 
ing of  this  Union  and  of  its  various  Sections  will  be  at  Rome,  April  20,  1922. 

15.  Principal  Magnetic  Storms  at  Cheltenham  Magnetic  Observatory,  Jan- 
uary to  June,  1921.^  There  were  no  notable  magnetic  storms  during  the  quarter, 
January  to  March. 

>  Communicated  by  E.  Lester  Jones,  Director,  U.  S.  Coast  and  Geodetic  Survey;  Geo. 
Hartnell,  Observer  in  Charge.     I  at.,  .1S°  44'.0  N:   Lon..  76°  BO'S  or  5*  07.4'"  W.  of  Greenwich. 
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Greenwich  Mean  Time 

Range 

Beginning 

Endin 

g 

De( 

linalion 

Horizontal 
Intensity 

Vertical 
Intensity 

h 

May  13,    13 

III 
09 

May  17, 

h            m 

8      .. 

o 

2 

41.2* 

7 
871* 

7 

1211* 

First  stage 
May  13,    19 

May  14, 

8      .  . 

1 

07.8 

596 

1092* 

Second  stage 
May  14,  22 

May  15, 

9 

2 

02.6* 

810* 

964* 

Third  stage 
May  15,   21 

May  10, 

12      .  . 

2 

07.8* 

586* 

471* 

May  19,   20 

May  20, 

6     48 

0 

45,2 

189 

343 

May  20,   14 

ii 

May  21, 

5 

0 

25.5 

147 

81 

*  Recorded  values;  traces  went  off  sheet:  the  storm  of  May  13  to  17  is  the  largest  magnetic 
storm  in  recent  years. 


NOTE   REGARDING  THE   "EARTH-EFFECT"   ON   SOLAR 

ACTIVITY  AND  RELATION  WITH  TERRESTRIAL 

MAGNETISM.! 

By  Louis  A.  Bauer. 

In  deriving  conclusions  c  and  g  of  my  paper,  "Measures  of  the 
Electric  and  Magnetic  Activity  of  the  Sun  and  Earth  and  Inter- 
relations" (see  Terr.  Mag.,  vol.  xxvi,  pp.  65  and  66),  all  sun-spot 
numbers  throughout  a  sun-spot  cycle  were  utilized  for  the  whole 
period  of  available  data.  It  is  apparent,  however,  from  a  com- 
bined consideration  of  c  and  g,  that  the  annual  periodicity  obtained 
in  c  contains  other  effects  than  simply  those  resulting  from  the 
revolution  of  the  Earth  around  the  Sun.  The  synodic  period  of 
Jupiter  is  13.11  months,  and  that  of  Saturn  12.4  months;  hence, 
periods  difTering  not  greatly  from  a  year.  In  fact.  Dr.  T.  Royds, 
of  the  Kodaikanal  Observatory,  India,  found  that  prominences 
were  apparently  subject  to  a  period  of  13>^  months."^  Assum.ing  that 
the  disturbing  or  superposed  effects  upon  the  annual  period  would 
be  a  minimum  at  times  of  sun-spot  minima,  the  annual  variation 
of  sun-spot  activity,  or  the  "Earth  effect,"  was  deduced  onh- 
from  the  three  circum-minimum  years,  i.  e.,  year  before,  year  of 
sun-spot  minimum,  and  >'ear  after.  For  the  entire  period  of  avail- 
able sun-spot  data  (1749-1920),  15  of  such  circum-minimum  means 
of  sun-spot  numbers  could  be  formed  for  each  month,  which  have 
been  comliined  into  Groups  I   to  V,  as  given  in  Table  1.     Each 

'  Communicated  in  a  paper  before  the  American  .\stronomical  Society,  Aug.  30,  1921. 
=  Kodaikanal  Observatory  Bulletin,  No.  XXXIII. 
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group  contains  the  means  for  9  circum-niinimum  years,  and  the 
mean  group  (VI),  accordingly,  the  means  for  45  circum-minimum 
years,  the  results  from  which  are  shown  by  curves  1  a,nd  2  of  Fig. 
1.  Curves  3,  4,  and  5  are  the  same  as  Nos.  7,  8,  and  9  of  Fig.  Ill, 
p.  50  of  paper  abo^•e  cited;  No.  6  is  taken  from  \V.  Ellis's  paper, 
"The  Aurora  and  Magnetic  Disturbance"  (Monthly  Notices  of 
R.  A.  S.,  Jan.,  1904). 

From  Table  1  and  Fig.  1  the  following  general  conclusion  is 
drawn: 

Throughout  the  period  of  172  years  the  annual  variation  of  sun- 
spot  activity  near  the  years  of  minima  is  practically  of  the  same  char- 
acter, and  consists  mainly  of  a  double  ivave.  On  the  average,  the 
maximum  Earth-effects  occur  at  the  times  of  the  year,  near  the  equi- 
noctial months,  when  magnetic  disturbances  and  polar  lights  are 
most  frequent,  and  the  minimum  Earth-effects  occur  near  the  solstitial 
months,  when  magnetic  disturbances  and  polar  lights  are  least  fre- 
quent; the  average  difference  between  minimum  and  maximum  effect 
shown  in  Table  1,  is  3.4  sun-spot  numbers  for  the  circum-minimum 
years  of  sun-spot  activity. 

It  would  appear  from  these  preliminary  studies  that  the  Earth, 
and  probably  the  other  planets  as  well,  is  sending  out  into  space 
or  returning,  by  a  sort  of  reflex  action,  a  portion  of  the  electrified 
particles  continually  coming  from  the  Sun:  as  a  result,  the  Earth 
exerts  a  small  but  observable  effect  on  stm-spot  activity,  the  action 
being  apparently  electrical  in  its  nature. 

Table  1. — Moulhly  means  of  circuni-minirnum  suu-spot  tjiinibefs.  1755-1^13, 
and  annual  variation. 


^  B   r.        ' 

~   ^   1- 

■^  fv)  o 

-H  c  c^ 

0\  so  t^ 
J~~  \0  u^. 

>*  ro  CM 

1— 1  C^  ir; 

■r-O    00 

O  1^  o 
t^  vO  "1 

2  u-,   r. 

Annua]  Varia- 

^  —   ? 

1912- 
1900- 
1888- 

t—  vo  ic 
«^  vO  lO 

oc  oc  00 

?^l  1-^  t^i 
'*  ro  r^i 

00  00  00 

C^  i^  <r 
OO^OC■ 
00  t—  «— 

1^  vo  irj 
(^  t^  (^ 

Mea 
for  4 
Yea 

tion  for  45 
Cir.-Min.  Years 

Month 

Gr.  I 

(ir.  II 

Gr.  Ill 

Gr.  IV 

Gr.V 

Gr.  VI 

No. 

% 

Januarv 

4.3 

11.3 

12.4 

8.1 

17.7 

10.8 

-0.7 

-  6.1 

Fcbruarv 

4.2 

10.4 

15  6 

9.4 

18.4 

11.6 

+0.1 

+  0.9 

.March 

6.0 

11.4 

14.6 

9  5 

21  3 

12  6 

+  11 

+  9  6 

April 

5.5 

11.5 

13:4 

7.8 

18.6 

11.4 

-0.1 

-   0.9 

\hu- 

5.8 

12  3 

13.9 

7.5 

19.6 

11.8 

+0.3 

+  2.6 

June 

5.5 

11.1 

8.4 

10  0 

17.3 

10.5- 

-1.0 

-  8.7 

lulv 

4.9 

9.3 

9.0 

9.7 

11.4 

8.9 

-2.6 

-22  0 

.•\iigusl 

5.3 

10.5 

9.4 

6.6 

15.0 

9.4 

-2.1 

-18  3 

September 

8.0 

15.1 

9.0 

7.9 

14.2 

10.8 

-0.7 

-   6.1 

October 

7.1 

18.3 

16  0 

9.1 

19.4 

14.0 

+  2.5 

+21.7 

\oveml)er 

6.4 

16.9 

13.4 

10  5 

19  9 

13.4 

+  1.9 

+  16.5 

December 

6.1 

5.8 

16.8 

16.1 

8.3 

19.9 

13.4 

+  1.9 

+  16.5 

\I  ea  n 

12.9 

12.6 

8.7 

17.7 

11.5 

1 
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(1 )   Circain-ininiinum  Sao-spot 
Ifnnibers,  1755-1913 
OtontMy  Means  J 


(2)  Annual  Variation  sliown  by   (1) 

("Eartli-Bffect"  near  Son-spot 

Minima) 


(3)  Barth'a  M*g3vetlc  Character 

(Annual   Yariation) 
1906-1920  =  15  years 


(4)   Polar  Li^t   Frequency , Ellis 
(Arnnxal  Variation.) 
N  58°-  K  51° 


(5)   Polar  Li^t  Frequency,  Ellis 
(Annual  Variation) 
Korth  of  65° 


(5)  Annual  Variation  of  Kagnetic- 
Disturbance  Frequency  for 
Circum-minimnm  Years 
1856-1889,  Ellis 


J     FMAMJ      J      AS      OND 


Fig.  1. — The  "Earth-Effect"  on  Solar  Activity  and  Relation  with  Terrestrial 
Magnetism.     (See  Page  113.) 


NOTE  ON  THK  MAGNETIC  STORM  MAY  13-16,   1921. 
G.  Angenheister. 

I.       PERIOD  OF  MAGNETIC   STORMS. 

The  magnetic  storm  of  May  13-16,  1921,  is  the  greatest  storm 
recorded  at  Samoa.  It  is  the  only  one  during  the  course  of  which 
a  polar  Hght  could  be  observed  at  Samoa. 

Since  the  end  of  1920  magnetic  acti\ity  has  been  extraordi- 
narily low  and  seldom  interrupted  by  smaller  disturbances.  On 
March  15,  1921,  a  more  pronounced  activity  began,  which  lasted 
for  more  than  a  week,  and  died  completely  away  at  the  end  of 
March.  From  April  10-12  there  was  repetition  of  the  higher 
activity  of  the  middle  of  March.  The  quiet  period  which  followed 
lasted  until  May  12.  At  that  date  a  very  extraordinary  activity 
began,  lasting,  with  only  small  interruptions,  until  May  23.  Then 
again  relatixely  low  activity  and  magneticalK'  quiet  days  were 
prevalent. 

The  disturbed  weeks  in  March,  April,  and  Ma\'  follow  one 
another  at  intervals  of  approximately  the  duration  of  the  Sun's 
rotation  period;  and  this  is  the  case  with  (he  ciuiet  weeks  also. 
It  is  therefore  possible  to  attribute  both  the  disturbed  and  the 
quiet  weeks  of  those  months  to  distinct  parts  of  the  Sun,  which 
alwaye  after  a  rotation  gi\e  rise  to  a  repetition  of  the  same  mag- 
netic activity  as  before. 

A  period  of  time  equal  to  that  of  the  Sun's  rotation  existing  in 
the  magnetic  activity  has  been  suggested  more  than  once.  Charles 
Chree  and  Adolf  Schmidt  discuss  one  of  about  27  days.  Recently 
Adolf  Schmidt  was  able  to  show  a  period  of  29  97  days  in  the 
repetition  of  the  great  magnetic  storms. 

In  an  earlier  paper  I  tried  to  show  that  the  great  magnetic 
storms  (character,  2.0-1  .8)  during  se\eral  \'ears  show  a  period  of 
30  days.  During  the  spot-minimum,  1910-1914,  all  15  storms  of 
character  2.0-1  8  seem  to  start  from  the  same  half  of  the  Sun. 
The  disturbing  centers  of  the  Sun,  from  where  those  storms  seemed 
to  emanate,  remained  constant  during  se\eral  >ears.  Therefore 
we  should  assume  that  those  storm-centers  arc  situated  in  the 
deeper  layers  of  the  Sun  where  little  motion  takes  place. 

On  the  other  hand,  the  repetition  of  smaller  disturbances  and 
of  quiet  times  from  one  rotation  to  the  next  show  more  agreement 
with  a  27-day  period,  but  this  latter  period  seems  as  consistent  as 
the  30-day  one.     When  therefore  the  results  of  a  year  or  more  are 
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Studied,  we  should  he  inclined  to  eittribute  this  27-day  period  to 
higher  and  more  movable  layers  of  the  Sun. 

The  very  great  magnetic  storms  of  the  last  years,  and  es- 
pecially the  one  of  May  13-16,  1921,  arc  in  good  agreement  with 
the  foregoing  deductions. 

From  1905-1921  there  were  registered  in  Apia  14  storms,  dur- 
ing which  the  decrease  in  horizontal  intensity  amounted  to  more 
than  250  7.  Six  of  these  storms  happened  during  spot-maximum, 
1905-09.  The  other  eight  took  place  during  spot-maximum, 
1915-1921.  The  minimum-time,  1910-1914,  shows  only  minor 
storms,  and  none  of  character  2  .0.  The  five  storms  of  character  1  . 9 
are  used  for  comparison  here.  Counting  the  dates  of  those  storms 
in  rotation  periods  of  30  days,  starting  with  July  14,  1905,  as  the 
first  day,  and  August  12.  1905,  as  the  30th  day,  we  have:  During 
Maximum,  1905-1909,  magnetic  storms  on  the  3,  4,  5,  and  15,  16. 
18  rotation-day:  during  Minimum,  1910-1914,  magnetic  storms  on 
the  1,  5,  6,  8,  8,  rotation-day:  during  Maximum.  1915-1921,  mag- 
netic storms  on  the  10,  11,  12,  and  24,  25,  25,  29,  29,  rotation-day. 

It  seems  that  during  Maximum,  1905-1909,  2  different  groups 
on  the  Sun  existed  nearly  diametrically  opposite  one  another. 
During  Minimum  only  one  group  was  active.  The  following 
maximum-time  shows  again  2  groups  also  nearly  diametrically 
opposite  one  another.  It  is  possible  that  those  groups  of  the  first 
and  second  maximum-time  are  identical.  The  mean  distance  of 
both  groups  has  not  changed  very  much  from  1905-1909  to  1915- 
1921.  The  shift  of  those  groups  from  1905-1909  until  1915-1921 
is  perhaps  only  apparent,  caused  by  inaccuracy  in  the  time-length 
of  the  rotation-period.  Possibly  the  rotation-period  for  both 
groups  is  not  the  same,  which  should  be  expected  if  latitude  and 
altitude  (different  layers)  of  the  groups  on  the  Sun  are  different. 
In  this  case  the  distance  of  the  groups  should  increase  or  decrease 
with  time. 

The  distribution  of  magnetic  storms  over  the  different  seasons, 
discussed  in  a  previous  paper,  is  also  shown  clearly  here.  Thirteen 
storms  out  of  19  occurred  during  March-April  and  August-Sep- 
tember. The  remaining  6  are  distributed  over  the  other  8  months. 
The  heliographic  latitude  of  the  Earth  reaches  its  maximum  in 
March,  —7°,  and  in  September,  +7°.  During  these  times  a  ray 
perpendicular  to  the  Sun's  surface  at  —7°  and  -f-7°.  respectively, 
should  reach  the  Earth.  In  the  other  seasons,  only  perpendicular 
ravs  of  lower  Sun's  latitude  could  do  so.     But  sun-spots  are  very 


118  G.   A  NGENHEISTER  [Vol.  X.W'l ,  No.  .M 

seldom  seen  near  the  Sun's  equator.  In  +10°  and  —10°,  how- 
ever, they  show  a  maximum  of  frequency,  especially  at  the  min- 
imum-time. In  March  and  September  the  heliographic  latitude  of 
the  Earth  is  nearest  to  this  most  favorable  belt  of  high  frequency. 

II.       AURORA  AUSTRALIS. 

The  aurora  during  the  storm  of  May  15,  1^21,  Greenwich  date, 
was  obserxed  in  Samoa  near  the  time  of  the  highest  intensity  ol 
the  disturbance,  when  the  decrease  in  horizontal  intensity  amounted 
to  about  3%. 

The  very  careful  determination  of  the  altitude  of  the  aurora 
in  high  latitudes  by  Stormer  and  others  gives  as  maximum  altitude 
less  than  400  km.  The  aurora  was  observed  in  Samoa  up  to  20° 
above  the  horizon  in  the  direction  of  the  magnetic  meridian. 
Assuming  400  km.  altitude,  the  aurora  should  have  been  in  the 
zenith  of  a  place  8°  south  of  Samoa,  or  in  22°  S.;  this  is  the  position 
of  Tongatabu. 

Stormer's  theory  gixes  for  the  boundary-  circle  of  the  aurora- 

zone  toward   the  equator,  sin  a  =  yi ,  where  A  is  the  distance 

of  the  Earth's  center  from  a  point  of  the  boundary  circle;  a  is  the 
angle  between  the  line  from  the  Earth's  center  to  a  point  of  the 

l)()undarv  circle  and  the  magnetic  axis  of  the  Earth;  and  c  =   *  7, 

\  llfi 

M  being  the  magnetic  moment  of  the  Earth.  Up  =  —  v  char- 
acterizes the  nature  of  the  rays  penetrating  the  Earth's  atmos- 
phere and  causing  the  aurora;  //  is  the  magnetic  force  in  a  point 
of  the  trajectory  where  the  trajectory  is  perpendicular  to  the  lines 
of  the  magnetic  force;  p  is  the  radius  of  cur\ature  in  this  point  of 
the  trajectory;  m  and  e  are,  respectixely,  the  mass  and  electric 
charge  of  a  particle  of  the  ray.  In  our  case  «  is  about  55°.  Assum- 
ing the  magnetic  axis  to  pass  through  the  Earth's  center,  which  is 
not  correct,  but  may  be  allowed  as  an  approximation,  we  get 
c  =  20,000  km.  Taking  J/  =  8  X  lO^-^  C.  (i.  S..  wc  get  Up  =  2  X 
10^,  which  for  /3-ra\'s  gi\'es  an  impossible  xx'locity. 

Assuming  the  aurora  to  be  situated  at  a  higher  altitude,  1,000 
km.,  and  that  in  Samoa  it  is  only  xisible  up  to  15°  above  the  horizon, 
we  get  3^°  south  as  the  latitude  where  the  aurora  was  in  the  zenith; 
then  a  =  43°;  r  =  30.000  km.,  and  Up  =  10".  Even  this  value  is 
too  high   for  /:J-rays.      For  a-rays  of  velocity  equal   to  0   1    of   the 


MAGNETIC  STORM  MAY  13-16,  1921 


119 


\elocity  of  light,  and  e/ni  =  5  X  lO^,  we  get  Hp  =  6  X  10^  To 
ijet  Up  =  10^  we  should  have  to  assume  rays  of  lower  e/m  and 
higher  velocity  than  u-rays  of  radium.  It  is  therefore  improbable 
that  the  aurora  seen  in  Samoa  was  the  direct  effect  of  the  impact 
of  rays  of  the  nature  of  a-  or  /3-rays  of  radium,  or  we  must  assume 
that  the  trajectory  of  the  impinging  rays  which  cause  the  aurora, 
is  essentially  influenced  by  the  deflecting  force  of  other  neighboring 
rays  approaching  toward  the  Earth  at  the  same  time. 

Our  second  value  of  the  altitude  of  the  aurora,  1,000  km.,  is 
more  probable  than  that  of  400  km.,  as  at  Tongatabu,  22°  S.  Lat., 
the  aurora  was  observed  not  in  the  zenith  but  toward  the  south. 
The,  maximum  altitude  of  the  aurora  seems  therefore  to  be  higher 
in  the  tropics  than  in  higher  latitudes.  Also  lateral  discharges 
could  be  active. 

Great  Magnetic  Storms  Recorded  at  Samoa. 

(A  H  >  250  y) 

Epoch:  July  14,  1905,  First  Rotation  Day. 
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*The  Carnegie  was  at  Rarotonga  on  Aug.  14  and  15,  1921. 
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31 
31 
31 
31 
31 
31 
31 
30 
30 
30 
29 
29 
29 
28 
27 
27 
25 
25 
24 
22 
21 
21 
19 
18 
18 
16 
15 

41  S 
13  S 
07  S 
11  S 

20  S 

26  S 
29  S 
06  S 

17  S 

19  S 
36  S 

40  S 

04  S 
59  S 
57  S 

42  S 

41  S 

45  S 

46  S 

46  S 

40  S 
36  S 
34  S 
79  S 
M  S 

41  S 

38  S 

29  S 
34  S 

27  S 

18  S 
15  S 
52  S 
32  S 

27  S 
49  S 

30  S 

21  S 
29  S 
34  S 

20  S 

47  S 

05  S 

39  S 
44  S 
49  S 

28  S 
47  S 
54  S 
?,i  S 
38  S 
56  S 

226  44 

227  27 

227  34 

228  ii 
228  30 
11^  26 
228   18 

228  30 
12&  38 

229  59 

230  32 
Hi  32 
235  03 
235  38 

235  51 

236  38 
236  48 
238  08 
238  41 
238  53 

240  55 

241  32 

241  43 

242  24 
242  50 

245  18 

246  17 
249  57 
251   46 
253  55 
255  06 
255   26 
257  26 

257  56 

258  09 

259  09 
259   13 
259   13 
259  06 
258  58 
258  51 
258  26 
258  25 
258  22 
258   14 
258   13 
258   12 
258  01 
257  57 
257  54 
257  42 
257  41 

13. 4E 

13'2'E 

12.7  E 

13' IE 
13. 8E 

U.'lK 
14. 4E 

15'OE 

14'4E 

14'9E 
14. 9E 

14'9'E 

15.2  E 

15.0  E 
14. 8E 

14'8'e 

16'8E 

16;7'e 
16. 9E 

16'8  E 

16.8  E 

16'0E 
15. 6E 

15.3  E 
14.5  E 

14 '4  E 
13.7  E 

13'3'E 
12. 5E 

12:4'e 
11. 7E 

0 

c.g.s. 

13. 4E 

0 
13. 4E 

0 

c.g.s. 

0.0 

0.0 

43.8  S 

.309 

43.9  S 

.304 

0.1  X 

+5 

28 

13.1  E 
13.0  E 

13. 2E 
13.0  E 

0.1  E 
0.3\V 

0.0 
0.3W 

29 

29 

41.8  S 

.311 

42.6  S 

.306 

0.8  X 

+  5 

29 

13. OE 
13. 3E 

13. OE 
13. 4E 

0.1  E 
0.5E 

0.1  E 
0.4E 

30 

30 

44.2  S 

.305 

44.6  S 

.303 

0.4  X 

+  2 

30 

13. 6E 
14. OE 

13. 6E 
13. 8E 

0.5VV 
0.4E 

0.5W 
0.6E 

31 

■' 

31 

45.8  S 
46.5  S 

.303 
.301 

46.3  S 
46.8  S 

.299 

.297 

0.5N 

0.3N 

+4 

Sept.    1 
2 

+4 

14. 7E 

14. 4E 

0.3  E 

0.6  E 

2 

46.6  S 

.297 

47.0  S 

.296 

0.4N 

+  1 

2 

14. 7E 

14. 6E 

0.3W 

0.2W 

3 

46.3  S 

.297 

46.4  S 

.296 

0.1  N 

+  1 

3 

14. 6E 
14. 8E 

14.5  E 
14. 6E 

0.3E 
0.1  E 

0.4E 
0.3E 

4 

4 

45.8  S 

.297 

46.2  S 

.295 

0.4N 

+2 

4 

14.8  E 
14. 9E 

14. 7E 
14.8  E 

0.1  E 
0.3  E 

0.2  E 
0.4E 

5 

5 

45  0  S 

.298 

45.2  S 

.295 

0.2  X 

+3 

5 

15.0  E 
15. OE 

14.8  E 

14.9  E 

0.0 
0.2W 

0.2  E 
O.IW 

6 

6 

44.8  S 

.298 

44.6  S 

.295 

0.2  S 

+  3 

7 

15. 2E 

15.2  E 

0.4W 

0.4\V 

7 

44.2  S 
13  4  S 
12.9  S 

.295 
.293 
.294 

44.0  S 
42.9  S 
42.5  S 

.294 
.292 
.292 

0.2,S 
0.5  S 
0.4  S 

+  1 

8 

+  1 

Q 

+2 

10 

16. 3E 

16. 3E 

0.5E 

0.5E 

10 

41.8  S 

.290 

41.4  S 

.290 

0.4  S 

0 

10 

16. 4E 
16. 6E 

16. 4E 
16. 5E 

0.3  E 
0.3E 

0.3E 
0.4E 

11 

11 

40.0  S 

.291 

40.0  S 

.289 

0.0 

+  2 

11 

16. 4E 
16. 3E 

16. 4E 
16.2  E 

0.4E 
0.5E 

0.4E 
0.6E 

12 

12 

38.1  S 

.291 

38 . 3  S 

.290 

0.2N 

+  1 

12 

16. 2E 
15. 8E 

16.1  E 
15.8  E 

0.2W 
0.2VV 

O.IW 
0.2W 

13 

13 

36.0  S 

.295 

36.2  S 

.293 

0.2N 

+2 

13 

15. 2E 
14.7  E 

15.3  E 
14.7  E 

0.1  E 
0.2W 

0.0 
0.2W 

14 

14 

33.2  S 

.296 

33.2  S 

.297 

0.0 

-1 

14 

14.2  E 
13.6  E 

14.3  E 
13. 6E 

0.2  E 
0.1  E 

0.1  E 
0.1  E 

15 

15 

28.5  S 

.303 

28.3  S 

.303 

0.2  S 

0 

15 

13. 3E 
12. 8E 

13.2  E 
12. 7E 

0.0 
0.3W 

0.1  E 
0.2W 

16 

16 

24.0  S 

.307 

24.1  S 

.307 

O.IN 

0 

16 

12. 4E 
11. 8E 

12. 3E 
USE 

0.0 
O.IW 

0.1  E 
O.IW 

17 

17 

19   1  S 

.314 

19.6  S 

.312 

0.5  X 

+  2 
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Date 

Lati- 
tude 

Long. 
East 
ofGr. 

Carnegie  Values 

Chart  Values 

Chart  Differences* 

Decl'n 

Incl'n 

Hor. 

Int. 

Decl'n 

Incl'n 

H.In. 

Decl'n 

Incl'n 

H.  In.' 

Brit.  1  U.  S. 

U.S. 

U.S. 

Brit.      U.  S. 

U.S. 

U.S. 

1921 
Sept.  17 
18 

0  / 

15  50  S 

13  52  S 

13  02  S 

12  39  S 

10  42  S 

9  47  S 

9  32  S 

8  04  S 

7   17  S 

7  07  S 

5  42  S 

5  08  S 

4  50  S 

3  31  S 

3  08  S 

2  56  S 

1  52  S 
1  24  S 
1  09  ? 
0  10  S 
0  04  S 
0  04  X 
0  44  N 
0  54  N 

0  57  N 

1  15  X 

1  21  X 

2  00  X 
2  02  X 
2  20  X 
2  20  X 
2  28  X 
2  48  X 
2  50  X 
2  28  X 
2  22  X 
2  19  X 
2  00  X 
2  05  X 
2   10  X 
2  40  X 

2  56  X 

3  03  X 
3  43  X 
3  53  X 

3  59  X 

4  51  X 

5  03  X 

6  09  X 
6  40  N 

6  46  X 

7  34  X 

257  41 
257  26 
257  26 
257  28 
257  37 
257  44 

257  51 

258  28 
258  46 

258  53 

259  44 

260  05 
260  12 

260  59 

261  19 
261   27 

261  52 

262  05 
262   10 
262   25 
262  37 

262  50 

263  57 

264  37 
264  51 
266   14 
266  54 
268  00 

268  35 

269  54 

270  36 

271  49 

272  20 

272  26 

273  25 
273  SI 
in  00 
275  37 

275  59 

276  12 

277  26 

277  59 

278  11 

279  34 

280  00 

280  14 

281  19 
281   22 
281   ?,^ 
281   i^ 
281   38 
281    16 

11. 6E 
11.2  E 

ILOE 
10.7  E 

10'7  E 
10.5  E 

io'4E 
10.1  E 

lo'lE 
9.9E 

'9.'9'e 
9.8E 

'9'6E 
9.6E 
9.6E 

9^5  E 

9'3E 
9.2E 

9'rE 
9;rE 

8'4'E 
'8'2'E 

8.2  E 

7'9'E 
7.9E 

'7;4'e 
7.3E 

6 '  7  E 
6.1  E 

5'9E 

'  5 : 5  E 
5  2  E 

4:9E 
4.8E 

° 

c.g.s. 

11. 6E 
11.1  E 

0 

11. 6E 
11. 2E 

0 

c.g.s. 

0  0 

0.0 
0.0 

° 

0.1  E 

18 

14.2  S 

.317 

15.0  S 

.316 

0.8  N 

-f  1 

18 

10. 9E 
10. 4E 

10. 8E 
10.5  E 

C.l  E 
0.3  E 

0.2E 
0.2  E 

19 

19 

8.3  S 

.325 

8.6  S 

.320 

0 . 3  X 

+5 

19 

10.2  E 
10.1  E 

10.3  E 
10. OE 

0 . 5  E 
0.4  E 

0.4E 
0.5E 

20 

20 

2.9  S 

.328 

3.2  S 

.324 

0.3  X 

+4 

20 

10.0  E 
9.9E 

10. OE 
9.9E 

0.4E 
0.2  E 

0.4E 
0.2  E 

21 

21 

1.9  X 

.331 

1.6  X 

.328 

0 . 3  X 

+3 

21 

9.8E 
9.7E 

9.8E 
9.7E 

0.3E 
0.2  E 

0.3E 
0.2E 

22 

22 

6.1  N 

.336 

6.0  N 

.330 

0.1  N 

+  '' 

22 

9.7E 
9.6E 

9.6E 
9.5  E 

0.2  E 
0.2  E 

0.3E 
0.3E 

23 

23 

10.2  X 

.337 

9.6  X 

.332 

0.6  X 

+5 

23 

9.5  E 
9.4E 
9.4E 

9.5  E 
9.4E 
9.4E 

0.1  E 
0.2E 
0.2  E 

'o;2'e 

0.1  E 
0.2  E 
0.2  E 

24 

24 

24 

13.3  X 

.339 

13.0  N 

.iU 

0.3  X 

+6 

25 

9.3E 

9.2  E 

25 

15.8  X 

.336 

15.1  X 

2>?>?> 

0.7  X 

+  3 

25 

9.3E 
9.2E 

9.2  E 
9.1  E 

(1  0 
0.0 

0.1  E 
0.1  E 

26 

26 

17.4  N 

.340 

16.5  N 

.332 

0.9N 

+  ^ 

27 

8.8E 

8. BE 

0.3  E 

0.3  E 

27 

19.4  N 

.336 

18.8  X 

.331 

0.6X 

+5 

28 

8.4E 

8.5E 

0.7  E 

0  6  E 

28 

21.9  N 

.328 

20.1  N 

.330 

1.8  X 

_  1 

29 

8.0E 

8.1  E 

0.4E 

0  3  E 

29 

22. 6N 

.336 

21. 4  N 

.328 

1.2  X 

+  > 

29 

7.8E 
7.6E 

7.9E 
7.7E 

0.4  E 
0.6E 

0  3  E 
0.5E 

30 

30 

22. 9N 

.331 

21.2  X 

.327 

1.7  X 

+4 

30 

7.5  E 
7.3E 

7.6E 
7.2  E 

0.4E 
0.6E 

0.3E 
0.7E 

Oct.      1 

1 

23.0  X 

.332 

21.4  X 

.323 

1.6N 

+9 

1 

7.0E 
6.7  E 

7.0E 
6.7E 

0.4E 
0.6E 

0.4E 
0.6E 

2 

2 

25.1  N 

.328 

23.3  N 

.322 

1.8  X 

+6 

2 

6.4E 
6.0E 

6  4E 
5  9E 

0.3  E 
0.1  E 

0  3  E 
0  2  E 

3 

3 

27.8  N 

.326 

26.0  X 

.319 

1.8N 

+  7 

3 

5. BE 

5.6E 

0.1  E 

0  3E 

4 

29.9  X 

.323 

29.0  N 

318 

0.9  X 

+5 

4 

5 . 3  E 
4.9E 

5.0  E 
4.7E 

0.2  E 
0.3E 

0.5E 
0.5E 

5 

5 

32.9  X 

.324 

32.4  N 

.31B 

0.5  N 

+6 

5 

4.8E 
4.7E 

4  7E 
4.7E 

0  1  E 
0  1  E 

0.2E 
0  1  E 

6 
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Notes  on  Trip  from  Apia,  Samoa,  to  Balboa,  Canal  Zone. 

We  sailed  from  Apia  in  the  afternoon  of  July  25,  1921,  and  upon 
rounding  the  Island  of  Sa\'aii  found  the  wind  to  the  north  of  east 
which  enabled  us  to  weather  the  Tonga  Islands.  Light  winds  and 
calms  prevailed  for  the  first  twelve  days  during  which  the  average 
daily  run  was  only  75  miles.  The  engine  was  used  for  95  hours 
between  July  25  and  August  6. 

An  accident  that  befell  Dr.  Pemberton  while  at  Apia,  led  to  an 
infection  which  reached  critical  stages  on  two  occasions  after  the 
Carnegie  had  sailed.  We  finally  headed  for  Rarotonga  on  August  9 
to  obtain  medical  attention,  and  arrived  in  the  morning  of  August 
14.  Dr.  Pemberton  was  left  at  the  hospital  and  provision  was  made 
for  his  return  to  Washington.  Foul  ground  (coral  bottom)  and  a 
heavy  swell  with  a  strong  easterly  breeze  made  the  anchorage 
dangerous  during  the  short  stop  at  Rarotonga,  but  we  got  underway 
safely  after  noon  of  August  15. 

The  wind  was  now  unfavorable  for  making  southing  as  planned. 
On  August  23d  we  found  the  rudder  post  shivered  and  were  obliged 
to  rig  up  a  tackle  to  the  rudder  pendants.  Fortunately  the  day  was 
calm.  The  royal  yard  was  sent  down  and  placed  across  the  quarter 
deck,  to  serve  as  outriggers  for  the  temporary  steering  gear.  We 
had  just  passed  through  our  first  gale,  and  the  new  gear  was  ready 
before  the  second  gale  which  occurred  on  August  25.  As  it  was 
inadvisable  to  go  into  the  heavy  seas  of  the  Southern,  Pacific  with 
this  improvised  steering  tackle,  easting  was  made,  with  every 
favorable  wind,  along  the  parallel  of  32°  south.  The  usual  succes- 
sions of  gales  and  calm.s  occurred  with  squally,  rainy  weather. 
Observations  for  magnetic  declinations  were  made  every  day 
during  this  bad  weather  except  September  1,  8,  and  9.  On  Sep- 
tem.ber  12  the  course  was  changed  to  north,  after  intersecting  the 
Carnegie's  1912  track,  andxhe  southeast  wind  then  blowing  con- 
tinued through  the  trade-wind  belt  to  the  equator  where  we  picked 
up  the  light  southerly  breezes  w^hich  finally  carried  us  to  Panam.a 
Bay. 

A  reversal  of  the  usual  ocean  currents  was  noted  in  the  Gulf  of 
Panama,  the  set  being  toward  the  south  instead  of  towards  the 
north.  It  was  unusually  cool  and  pleasant  while  we  were  in  the 
equatorial  region  up  to  our  arrival  at  Panama.  Culpepper  Island, 
north  of  the  Galapagos,  was  sighted  on  September  27th,  and 
Balboa  was  reached  on  October  7. 

The  Carnegie  tracks  of  earlier  cruises  were  crossed  twelve  times, 
and  the  Galilee  track  of  1908  was  crossed  once,  thus  affording 
control  over  the  magnetic  secular-variation  data  of  the  South 
Pacific  Ocean. 

Some  excellent  results  were  obtained  from  the  frequent  diurnal- 
variation  observatiofis  of  atmospheric  electricity,  and  the  usual 
program  of  daily  observations  was  carried  out  with  the  exception 
of  observations  for  radio-active  content.     Because  Dr.  Pemberton 
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had  to  be  left  ashore  at  Rarotonga,  for  reasons  already  stated,  the 
amount  of  work  was  reduced  by  omitting  the  earth-inductor 
observations,  and  by  following  only  one  half  the  usual  magnetic 
program  on  days  when  the  observations  for  diurnal  variation  in 
atmospheric  electricity  were  made.  The  roll  and  pitch  observations 
were  omitted  also  for  the  same  reason. 

The  average  daily  run  was  123  miles  for  the  72  days  from  Apia 
to  Balboa,  and  the  total  distance  covered  was  8,846  miles.  The 
engine  gave  excellent  service  and  was  run  almost  continuously 
during  the  last  three  days  of  the  passage. 


//. — Balboa  to  Washington,  D.  C. 
(Observers:  L.  A.  Bauer,  J.  P.  Ault,  H.  F.  Johnston,  H.  R.  Grummann,  and  F.  A.  F"ranke.) 


Date 

Lati- 
tude 

Long. 
East 

Carnegie  Values 

Chart  Values^ 

Chart  Differences' 

Decl'n   Incl'n 

Hor. 
Int. 

Decl'n 

Incl'n 

H.In. 

Decl'n 

Incl'n 
U.S. 

H.  In.» 

Brit. 

U.S. 

U.S. 

U.S. 

Brit.      U.  S. 

U.S. 

1921 
Oct.    21 

11  03  N 
11  37  N 

1 1  46  X 

12  12  X 
12  30  X 

12  46  X 

13  58  X 

14  52  X 

15  16  X 

16  50  X 

17  36  X 

17  46  X 

18  45  X 

19  18  X 

20  20  X 

20  55  X 

21  12  X 

22  24  X 
2.^  21  X 

23  40  X 

24  45  X 
24  33  X 
24  32  X 

24  45  X 

25  07  X 

25  12  X 

26  20  X 

27  06  X 

28  11  X 
28  54  X 
28  .59  X 

30  44  X 

31  22  N 
31  46  X 
33  33  N 

O         / 

281  30 

282  39 

283  01) 

283  49 

284  05 
284  08 
284  24 
284  29 
284  30 
284  33 

284  55 
2^5  00 

285  22 
285  44 

285  59 

286  03 
286  01 
286  26 
286  45 
286  47 
286  56 
286  30 
286  21 
285  37 
285   18 
285   13 
284  48 
284  39 

284  49 

285  02 
285  04 
285    16 
285    17 
285   20 
285  51 

o 

4.2E 

'3.3  E 
2  9E 

^9E 
2.4E 

2'0'E 
2.0E 

L  2  E 
0.7E 
0.3E 
0.0 

o:4\V 

1  ow 

2  1\V 
2.1\V 

1  '  7\V 

1 .  ow 

1 '.  6\V 
1   3W 

1  7W 

2  OW 

2  7\V 

3  5W 

4  -UV 

5  6VV 

0 

c.g.s. 

0 
3.9E 

0 

4.1  E 

0 

c.g.s. 

0 
0.3E 

0 
0.1  E 

0 

21 

40.8  N 

.316 

39.0  N 

.312 

1 . 8  X 

+4 

21 

3.2E 
2.9E 

3.1  E 
2.8E 

0.1  E 
0  0 

0 . 2  E 
0.1  E 

22 

22 

42 . 8  X 

.312 

41.2  X 

.307 

1.6X 

+5 

22 

2.6E 
2.2  E 

2.3  E 
2.0E 

0.3  E 
0.2E 

0.6E 
0.4E 

23 

2?> 

46.1  N 

.304 

45.0  X 

.299 

1 . 1  X 

+5 

23 

1.8E 
1.4E 

1.7  E 
1.4  E 

0.2  E 
0.6E 

0.3  E 
0.6E 

24 

24 

49.8  N 

.298 

49.0  X 

.291 

0.8  N 

+  7 

24 

0.8E 
0.4E 
0.1  E 
0.2W 

1.1  E 
0.6E 
0.4E 
0.0 

0.4  E 
0.3  E 
0.2  E 
0.2  E 

0.1  E 
0.1  E 
0  IW 
0  0 

25 

25 

26 

26 

53.9  X 

.284 

53.4  X 

.282 

0.5  X 

+2 

26 

0.6W 
1 .  2W 

0.2W 
1   OW 

0.2  E 
0  2  E 

0.2W 
0  0 

27 

27 

56.8  X 

.272 

56.1  X 

.272 

0.7  X 

0 

27 

1  8W 

2  2W 

1   5W 
1  9W 

0  3W 
0  1  E 

0  6W 
0  2W 

2S 

0.4  N 

28 

58.0  X 

268 

57.6  X 

.267 

-HI 

28 

1 .  9W 
1,5W 

1 .  6W 
1.4W 

0.2  E 
0.5  E 

O.IW 
0  4E 

29 

29 

58.3  N 

268 

58.2  N 

.266 

0.1  X 

+2 

29 

1   5W 
1   6W 

1  8W 

2  2W 

1   3W 
1   4W 

1  6W 

2  OW 

0  IW 

0  3W 
0  1  E 
O.IW 
0.0 

30 

0  3  E 
0.1  E 
0.2E 

30 

31 

31 

62. 3N 

.249 

61.8  N 

.248 

0.5  N 

-1-1 

31 

2  8W 

3  6W 

2  5W 

3  6W 

0  1  E 
0  1  E 

0  2W 
0.1  E 

Nov.     1 

1 

64  5  X 

.236 

64.2  N 

.234 

0.3  X 

+2 

1 

4  2W 
5.3W 

4  IW 

5  3VV 

0  IW 
0.3VV 

0.2\V 
0.3W 

2 

For  references  1.  2.  and  .?,  sec  footnotes,  page  121.  'Conditions  verj-  bad. 
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Date 

Lati- 
tude 

Long. 
East 
ofGr. 

Carnegie  Values 

Chart  Values 

Chart  Differences* 

Depl'n  Incl'n 

1 

Hor. 
Int. 

Decl'n 

Incl'n 

H.In. 

Decl'n 

Incl'n 

H.  In.» 

Brit.  1  U.  S. 

U.S. 

U.S. 

Brit. 

U.S. 

U.S. 

U.S. 

1921 
^ov.    3 

3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
7 
7 
9 
10 

o        / 

33  29  X 

33  57  X 

34  09  X 

35  17  X 
35  12  X 

35  15  X 

36  28  X 
36  28  X 
36  25  X 
36  52  X 
36  59  N 
38  10  X 
38  1 1  X 
38  07  X 
38  25  X 

o        / 

286   13 

285  55 

285  58 

286  23 
285  59 
285  52 
285  25 
285  20 
2^5   10 
284  09 
28^3  56 
2S3  43 
2S3  44 
283  2S 
282  44 

o 

5 .  7\V 

' 5 ' 8\V 
7 .  OW" 

6;6\V 
7 .  2W 

6;i\v 

4.9\V 

6:3\V 



' 5 ' 2\V 

° 

c.g.s. 

o 

5.4W 

o 

5.6W 

o 

66.7  X 

c.g.s. 

218 

o 

0  3\\ 

o 

0   1\V 

o 

66.8  X 

.221 

0.1  x 

+3 

5  7\V 

6  7\\' 

5  9W 

6  9\V 

0  1\V 
0  3\\ 

0.1  E 
0   1\V 

0  2X 

67.9  X 

.213 

67.7  N 

.210 

+3 

6.1\V 
6.6W 

6 .  2W 
6 .  6W 

0  5\\ 
0.6\\ 

0  4\V 
0  6\V 

69.0  X 

.206 

68.9  X 

.204 

0   1  N 

+  2 

6.3W 
6.1\V 

6.3\V 
5 .  7W 

0.2  E 
12  E 

0  2  E 
0  8E 

69.6  X 

.201 

69.2  X 

203 

0.4  X 

—  y 

6.4\V 

6.0\V 

0  1  E 

0  3\\ 

70.4  X 
70.2  X 

195 
.197 

70.2  X 
70.0  X 

.196 
196 

0.2  X 
0.2  X 

—  1 

+  1 

5  5W 

5 .  5\\" 

0  3  E 

0.3E 

For  references  1,  2,  and  3.  see  footnotes,  page  121. 


Notes  ox  the   Passage   between   Balboa  axu  WashinctTon. 

Leaving  Balboa  at  7''  40™  on  the  morning  of  October  20,  1921, 
with  the  Director  of  the  Department  of  Terrestrial  Magnetism, 
Dr.  Bauer,  aboard,  we  passed  through  Panama  Canal  and  pro- 
ceeded to  sea  without  stopping  at  Cristobal.  The  tug  left  us  at 
4  P.  M.  All  sails  were  set,  and  a  course  was  steered  northeast  in  an 
endeavour  to  make  Windward  Passage.  The  wind  holding  happily 
in  the  southeast  all  night  and  next  day,  enabled  us  to  make  splendid 
headway.  With  the  vessel  close  hauled  and  for  several  days  under 
fore  and  aft  canvas  only  while  engine  was  going,  we  finally  arrived 
within  easy  reach  of  the  Passage  October  23.  The  ne.xt  day  Xav^assa 
Island  light  was  sighted,  and  we  went  through  Windward  Passage 
with  engine  running  during  the  calm  weather  of  October  25  and  26. 
Shortly  after  passing  Cape  Maysi  and  while  trying  to  make  the 
Crooked  Island  passage,  a  gale  sprang  up  from  the  southeast  in  the 
night  of  October  26  compelling  us  to  leave  the  Bahamas  by  way  of 
the  Mariguana  Passage.  This  gale  continued  during  October  27 
and  28  and  moderated  on  October  29.  On  November  1  another 
gale  began  from  the  southwest  and  continued  strong  during  No- 
vember 2. 

I'pon  approaching  Cape  Hatteras,  the  Carnegie  encountered 
strong  head  winds  and  made  the  entrance  to  Hampton  Roads  onh' 
by  beating.  Cape  Henry  was  sighted  earl\-  Simday  morning, 
November  6,  and  Old  Point  C^omfort  was  reached  at  11''  the  same 
morning.  The  total  distance  at  sea  was  1,975  miles,  giving  an 
average  of  .1 16.2  miles  for  the  17  days  of  the  trip. 
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The  usual  magnetic  and  atmospheric-electric  observations  were 
made  daily,  and  two  series  of  observations  in  atmospheric  electricity 
to  determine  diurnal  variation  were  taken,  one  in  the  Caribbean 
Sea  and  one  in  the  North  Atlantic  between  the  Bahamas  and  Cape 
Hatteras. 

After  stopping  an  hour  at  Old  Point  Comfort  to  send  telegrams, 
we  continued  up  Chesapeake  Bay  to  the  place  of  former  swings  and 
arrived  about  midnight.  Declination  swings  began  at  sunrise  on 
November  7  although  the  weather  was  so  hazy  that  only  the 
collimator  could  be  used  during  the  first  swing  with  port  helm. 
During  the  second  swing  made  with  the  other  helm,  simultaneous 
declination  observations  were  made  as  usual  with  the  deflector,  but 
the  weather  was  still  too  hazy  to  giv^e  the  best  results.  Swings  for 
horizontal  intensity  and  dip  followed  immediately  and  finally 
ended  at  2  p.  m.  The  vessel  then  proceeded  to  Solomons  Island  and 
came  to  anchor  at  4^^  30""  p.  u.  where  observations  were  made 
November  8  for  the  determination  of  the  potential-gradient  re- 
duction factor.  In  the  afternoon  the  vessel  returned  to  the  place 
of  swing  to  check  an  erractic  result  in  the  collim.ator  observations 
of  the  first  southwest  heading  and  also  to  make  declination  observa- 
tions with  the  deflector,  which  had  been  impossible  on  the  first 
swing  of  the  preceding  day.  The  vessel  remained  at  anchor  until 
9''  30"'  on  the  morning  of  November  9,  but  as  it  was  raining  with 
no  signs  of  clearing  up,  the  Carnegie  got  under  way  for  Washington 
without  further  delay,  and  arrived  at  Kettlebottom  shoals,  where 
she  was  forced  to  anchor,  in  foggy  weather,  about  6''  40""  P.  M. 
The  next  morning,  at  3  o'clock,  we  were  once  more  under  way  in 
the  lower  reaches  of  the  Potomac.  With  engine  going  and  generally 
against  head  wind,  we  finally  arrived  off  War  College,  and  by 
5h  30m  p  ^j  docked  at  Smith's  wharf  at  Washington,  a  temporary 
berth  kindly  made  available  by  the  District  of  Columbia  authorities 
pending  preparation  for  more  permanent  berthing. 

The  results  of  the  "swing  observations"  in  Chesapeake  Bay 
showed  once  more  the  absence  of  any  appreciable  magnetic  devia- 
tions at  the  places  where  the  various  magnetic  instruments  are 
mounted  aboard  the  Carnegie. 

The  total  distance  sailed  between  Balboa  and  Washington  was 
2.235  miles  in  19  days,  at  an  average  rate  of  118  miles  per  day. 


EINIGE   BEMERKUNGEN    ZU    DEM    AUFSATZE   VON   A. 
NIPPOLDT:   ZUR  PHYSIKALISCHEN  THEORIE  DES 
ERDMAGNETISMUS.i 
Von  Adolf  Schmidt  {Potsdam). 

Abstract. — The  author  briefly  states  his  reasons  for  not  being  able  to  accept 
the  conclusions  drawn  by  Dr.  Nippoldt  in  his  recent  article'  on  "The  Physical 
Theory  of  the  Earth's  Magnetism".  Judging  from  the  appended  paragraph,  it 
would  appear  that  Nippoldt  himself  has  now  modified  some  of  his  conclusions. 

Es  liegt  nahe,  anzunehmen  und  ist  wohl  auch  niemals  ernstlich 
bezweifelt  worden,  dass  die  Abweichungen  des  tatsachlich  be- 
obachteten  erdmagnetischen  Feldes  von  dem  einer  homogenen 
Magnetisierung  entsprechenden  Zustande  im  wesentlichen  durch 
die  Ungleichformigkeit  des  Baues  and  der  Gestaltung  der  Erd- 
rinde  hervorgerufen  werden.-  Die  Hauptstiitze  dieser  Annahme  ist 
freilich  negativer  Art:  es  lasst  sich  keine  andere  gleich  wahrschein- 
liche  Ursache  fur  jene  Abweichungen  aufzeigen.  Eine  positive 
Begriindung  durch  eine  quantitativ  durchgefiihrte  Theorie  hat 
sich  bisher  nicht  geben  lassen.  Ihr  stehen  zwei  Schwierigkeiten 
entgegen:  die  bei  der  Sakularvariation  beobachtete  anscheinende 
Unabhangigkeit  der  ausgedehnten  magnetischen  Feldstorungen 
vom  Orte  und  die  iibermassige  Starke  der  zu  ihrer  Erklarung 
erfordedichen  Magnetisierung  der  Erdrinde.'' 

In  einem  kiirzHch  hier  veroffentHchten  Aufsatze  geht  nun 
A.  Nippoldt  noch  einen  Schritt  weiter:  er  schreibt  das  ganze  erd- 
magnetische  Feld,  hochstens  mit  Ausnahme  eines  kleinen  Teils  des 
homogenen  Hauptfeldes,  dem  Magnetismus  der  aussersten  Schichten 
der  Erde — ^etw^a  bis  zu  einer  Tiefe  von  20  Kilometern — zu.  Damit 
wird  die  zweitgenannte  Schwierigkeit  noch  betrachthch  ver- 
grossert,  da  die  dazu  erforderliche  mittlere  Magnetisierung  der 
Erdrinde  gegen  zwanzigmal  so  gross  ist,  als  diejenige,  die  allein  zur 
Erklarung  der  Abweichungen  vom  homogenen  Zustande  angenom- 
men  werden  muss.  Selbst  wenn  in  den  tieferen  Schichten  der 
Rinde  der  Magnetitgehalt  sehr  viel  starker  ware,  als  in  den  ober- 
flachlichen,  ja  wenn  jene  ganz  aus  Magnetit  bestanden,  erscheint 

^Terr.  Mag.  26,  99,  1921. 

'In  a  future  article,  I  hone  to  be  able  to  show  that  one  at  least  of  the  chief  causes  of  the  de- 
parture of  the  Earth's  magnetic  field  from  that  of  a  uniform  magnetization  is  not  to  be  referred 
to  the  heteorogeneous  constitution  of  the  Earth.  The  same  cause  for  distortion  seems  to  be 
revealed  in  the  Sun"s  magnetic  field. — L.  A.  B. 

'V'gl.  die  oaheren  Ausfuhrungen  in:  Ad.  Schmidt,  Die  erdmagnetische  Sakularvariation, 
Physikalische  Zeitschrifl,  22,  152,  1921. 
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eine  durchschnittliche  spezifische  Intensitat  von  mehr  als  SF,  wie 
sie  erforderlich  ware  und  auch  von  A.  Nippoldt  angegeben  wird, 
als  ausgeschlossen.  Obendrein  bliebe  es  ratselhaft,  wie  die  dabei 
stillschweigend  vorausgesetzte  Gleichformigkeit  der  Magneti- 
sierungsrichtung — iiberall  parallel  zur  magnetischen  Achse  der 
Erde — zustandekommen  sollte.  Uebrigens  miisste  es  sich  auch 
dabei  um  eine  permanente,  nicht,  wie  a.  a.  O.  angenommen,  um 
eine  induzierte  Magnetisierung  handeln.  Diese  Annahme  setzt  ja 
doch  (von  quantitativen  Er\^'^agungen  in  bezug  auf  Richtung  und 
Intensitat  der  Magnetisierung  ganz  abgesehen)  ein  induzierendes 
Feld  voraus,  das  nur  aus  dem  Erdkern  stammen  konnte — im 
geraden  Gegensatz  zu  der  aufgestellten  Hypothese,  die  diesem  nur 
nebensachliche  oder  gar  keine  Bedeutung  zubilligt.  Die  hier 
gemachten  Einwendungen  wiirden  nicht  in  alien  Punkten  auf- 
recht  zu  erhalten  sein,  wenn  die  Magnetisierung  auf  irgend  eine, 
uns  bisher  unbekannte  Weise  durch  die  Umdrehung  der  Erde 
bedingt  ware.  In  diesem  Falle  lage  aber  zunachst  iiberhaupt  kein 
Grund  dafiir  vor,  sie  als  auf  die  Erdrinde  beschrankt  anzunehmen. 

Zu  der  weiteren  a.  a.  O.  vertretenen,  nicht  naher  begriindeten 
Annahme  eines  fiir  Ekliptik  annahernd  senkrechten  Feldes  ist  zu 
sagen,  dass  ein  solches,  wenn  es  existiert,  sicher  zu  schwach  ist, 
um  in  dem  beharrlichen  Gesamtfelde  der  Erde  eine  nennenswerte 
Rolle  zu  spielen.  Seine  Intensitat  konnte  noch  nicht  lOy  erreichen, 
da  es  sich  schon  bei  diesem  Betrage  durch  seinen  charakteristischen 
Beitrag  zur  taglichen  Variation  verraten  wiirde.  Dagegen  ist  der 
a.  a.  O.  zum  Schlusse  gegcbencn  Aufzahlung  der  Teile  des  mag- 
netischen Erdfeldes  das  durchschnittliche  Feld  der  Nachstorung 
hinzuzufiigen,  dessen  Starke  sicher  merklich  iiber  IOO7  hinausgeht. 

Auf  die  Entwicklungen  des  ersten  Teils  der  Arbeit  (bis  S.  107), 
die  wesentlich  rechnerische  Bedeutung  habcn.  gehc  ich  der  Kiirze 
halber  nicht  ein. 

Anmerkun^. — Wie  niir  Herr  Professor  Nippoldt  miindlich  niii- 
teilt,  lege  er  kein  Gewicht  auf  die  Annahme.  dass  die  Magnetisie- 
rung der  Erdrinde  induziert  sei;  mit  seiner  (.rundanschauung  wurde 
die  Annahme  einer  permanenten  Magnetisierung  gleichfalls  vert- 
raglich  sein.  Ferner  verstehe  er  unter  dem  Ekliptikfelde  das 
Xachstorungsfeld  der  Erde  und  die  analogen  bei  den  andern 
Planeten  anzunchmendcn  Felder  in  ihrer  (  esamtheit.  Da  die 
letzteren  am  Orte  der  F>de  sicher  keine  nennenswerte  W'irkung 
ausiiben,  so  komnie  sein  l.klij)tikfeld  praktisch  auf  das  irdische 
Xachstorungsfeld  hinaus. 

Potsdam,  den  28.  Dezemher  1Q21 . 


THE    SECULAR    VARIATION    OF  TERRESTRIAL 
MAGNETISM   IN  SIBERIA. 

By  Boris  Weinberg. 

Tables  VII-XII  of  a  previous  paper^  under  the  above  caption 
gave  corrections  which  had  to  be  added  algebraically  to  the  ob- 
served values  of  declination  {D),  inclination  (/),  and  horizontal 
intensity  iH),  at  different  places  in  Siberia  in  order  to  reduce  them 
to  the  epoch  1910.0.  These  tables  were  based  exclusively  on  the 
values  of  the  three  elements  of  terrestrial  magnetism  observed  at 
the  sam.e  point  at  various  times.  Such  values  constitute  a  rather 
small  portion  of  all  the  magnetic  determinations  made  in  Siberia. 
Therefore  when  all  these  values  were  reduced  to  the  epoch  1910.0 
by  means  of  Tables  VII-XII,  and  the  results  plotted  on  three 
charts  for  D,  /,  and  H,  respectively,  a  thorough  study  of  these 
charts  gave  some  additional  data  for  determining  the  secular 
variation  for  these- three  elements  owing,  to  the  possibility  of  com- 
paring the  reduced  values  with  those  observed  at  various  times  at 
points  not  very  far  distant  from  those  at  which  the  three  elements 
were  coincidently  observed. 

These  charts  were  especially  useful  for  a  more  trustworthy  de- 
termination of  the  secular  variation  for  the  outer  limits  of  the  region 
under  consideration,  where  coincident  points  of  observation  were 
rare,  and  in  order  to  obtain  a  smoother  collection  of  these  values 
of  D,  /,  and  H,  reduced  to  the  epoch  1910.0,  Tables  VII-XII 
have  been  revised,  the  re\nsions  being  contained  in  Tables  VII  A 
and  IX  A-XII  A,  and  can  be  considered  as  a  second  approximation 
based  on  a  comparative  study  of  all  the  magnetic  determinations 
made  in  Siberia — not  only  on  those  made  at  coincident  points  at 
various  times. 

The  next  approximation — and  the  last,  because  the  difference 
between  Tables  VII  A-XII  A  and  the_£QixespQnding„  part&_  of 
Tables  VII-XII  is  appreciable  only  in  a  few  cases — can  result  from 
an  investigation  of  the  normal  distribution  of  each  element  for  the 
epoch  1910.0  and  a  comparison  of  the  values  observed  at  various 
times  (reduced  to  1910.0)  with  this  smoothed  distribution.  Such 
a  comparison  may  include  instrumental  and  personal  errors,  and  in 
this  way  introduce  additional  changes,  probably  insignificant,  in 
the  values  of  secular  variation  given  by  Tables  VII-XII  and  VII  A~ 
XII  A. 

As  to  the  manner  of  application  6f  the  quantities  in  the  revised 
tables,  reference  must  be  made  to  the  previous  paper. ^ 

Tomsk,  October,  1919. 

'Terr.  Mag.  24.  65-86,  1919. 
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Table  VII  A   {For  Declination). 
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NLong. 
Lat.\ 

60° 

65° 

70° 

\v  Long. 
Lat.\^ 

60° 

65° 

70° 

65 

' 

361 
310 
261 
214 

168 

124 

81 

40 

358 
307 
257 
210 

165 

121 

79 

38 

57 

316 
266 
220 
176 

135 
97 
62 
30 

306 
259 
214 
172 

132 
95 
61 
29 

' 

63 

341 

292 
245 
200 

156 
114 

74 
36 

337 
288 
241 
195 

152 
111 

72 
35 

55 

315 
263 
215 
170 

129 
92 

57 
27 

296 
249 
205 
163 

125 
90 

57 
27 

277 
235 
193 
153 

117 

84 

63 

25 

61 

327 
279 
232 
189 

147 

107 

70 

34 

325 
277 
231 
188 

146 

106 

69 

320 
272 
227 
183 

142 

102 

66 

32 

53 
51 

316 
261 

211 
165 

123 

85 
53 
24 

59 

320 

272 
226 
182 

141 

103 

66 

32 

316 
268 
223 
180 

139 

101 

65 

32 

319 
260 
207 
159 

117 
80 

48 
21 

Table  IX  A   {For  Inclination). 


\.   Long. 
Lat.    X^^^ 

65° 

70° 

\.  Long. 
Lat.  \^ 

115° 

125° 

135° 

65 

39 
30 
22 
15 

10 

5 
3 
1 

53 
42 
34 
26 

19 

13 

8 

4 

55 

124 
95 
69 
48 

29 
16 

7 
2 

63 

43 

25 
18 

12 

7 
4 

1 

56 
46 

37 
29 

22 

15 

9 

4 

33 

126 
99 

75 
55 

37 

24 

13 

5 

:  :: 

27 

14 

5 

1 

51 

128 

103 

80 

61 

42 

28 

16 

7 

127 
98 
72 
50 

32 

18 

8 

2 

20 

8 

0 

-2 

49 

130 

102 

77 

55 

37 

23 

12 

4 

128 
94 
55 
42 

2i 
10 

1 
-1 

3 

-5 

-12 

-8 

■ 

47 

132 
99 
72 
49 

30 

16 

6 

1 

129 
90 
57 
32 

13 

0 

-6 

—  7 

-7 
-18 
-21 
-15 

45 

134 
09 
67 
41 

22 
8 
0 

-3 

130 
86 
50 
22 

2 
-10 
-15 
-11 

SECULAR   VARIATION  IN  SIBERIA 
Table  XI  A   (For  Horizontal  Intensity). 
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N.  Long. 
Lat.    \^^ 

90° 

95° 

100° 

125° 

53 

122 
69 

11 

4 
4 
4 
3 

51 

57 
57 
55 
40 

50 
50 
48 
38 

159 

108 
72 
50 

43 
43 
41 
30 

49 

60 
60 

58 
42 

51 

51 
49 
37 

153 

104 

69 

48 

41 
41 
39 
29 

47 

62 
62 
60 
44 

52 
52 
50 
36 

141 
96 
64 
44 

38 
38 
37 
27 

45 

64 
64 
62 

45 

52 
52 
50 
36 

35 
35 
34 

25 
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FIVE-MINUTE  VALUES  OF  THE  MAGNETIC  ELEMENTS 
AT  ANTIPOLO,   RIZAL,   PHILIPPINE   ISLANDS, 
DURING  THE  TOTAL  PXLIPSE  OF  THE 
SUN,  OCTOBER  1st,  192L 

The  geographical  position  of  the  Observatory  is:  Latitude,  14°  35'  48"  N.; 
longitude,  121°  10'  E.    The  elevation  above  sea-level  is  215  meters. 

[D  (declination)  =  E  0°  30'  +  A  Z);  H  (horizontal  intensity)  =  38,0007 
-\-  AH;  Z  (vertical  intensity)  =  11,0007  +  A  Z.] 


G.M.T. 

AD 

AH 

AZ 

G.M.T. 

AD 

AH 

AZ 

(Civil) 

(Civil) 

h     m 

1 

7 

y 

h     ra 

1 

y 

y 

10  25 

5.59 

120 

15 

12  40 

5,44 

115 

13 

30 

5.52 

118 

14 

45 

5.44 

113 

13 

35 

5.52 

116 

13  . 

50 

5.37 

112 

12 

40 

5.59 

113 

12 

55 

5.23 

113 

13 

45 

5.59 

111 

11 

50 

5.52 

108 

11 

13  00 

5.08 

112 

14 

55 

5.52 

107 

12 

05 

5.08 

111 

13 

10 

5.08 

110 

13 

11  00 

5.52 

106 

12 

15 

5.16 

112 

14 

05 

5.52 

104 

12 

20 

5.16 

111 

15 

10 

5.52 

102 

12 

25 

5.08 

112 

14 

15 

5.44 

100 

12 

30 

5.01 

112 

14 

20 

5.44 

099 

13 

35 

5.01 

110 

14 

25 

5.37 

099 

14 

40 

5.08 

110 

14 

30 

5.37 

100 

14 

45 

5.16 

110 

14 

35 

5.52 

100 

14 

50 

5,16 

111 

14 

40 

5.52 

100 

14 

55 

5 .  08 

110 

14 

45 

5.44 

100 

1,= 

50 

5.37 

104 

U) 

14  00 

5  ()8 

110 

14 

55 

5.37 

109 

17 

05 

,S  .  OS 

110 

14 

10 

5  08 

110 

14 

12  00 

5.37 

112 

17 

15 

5 .  08 

110 

15 

05 

5.37 

113 

16 

20 

5()1 

110 

15 

10 

5  30 

115 

16 

25 

5.01 

110 

15 

15 

5  30 

116 

15 

30 

5.01 

110 

15 

20 

5.37 

119 

15 

35 

5 .  08 

111 

16 

25 

5.37 

119 

14 

40 

5 .  08 

112 

16 

30 

5.37 

116 

14 

45 

5.08 

110 

15 

35 

5.44 

116 

13 

50 

5.16 

108 

14 

M.  Saderra  Maso. 
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PROVISIONAL  SUN-SPOT  NUMBERS  FOR  1920. 


Day 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

49 

23 

18 

13 

23 

53 

38 

29 

46 

50 

35 

2 

19 
34 

22 

11 
27 
37 

9 
11 

8 

22 
14 

53 
56 
40 

38 
40 
46 

26 
26 
15 

41 

3 

41 

53 

17 

4 

58 

14 

3 

16 

15? 

26 
22 
30 
31 
33 

28 

53 
36 
34 

89 

115 

12 
20 
21 
16 
0 

7 

44 
46 
37 
49 
35 

46 

37 
28 
7 
31 
40 

41 
41 

37 
35 

25 

27 

6 
9 

7 
0 
/ 

10 

57 

6 

45 

38 
37 

13 

21 

29 
41 

7 

8 

9 

42 

10 

19 

11 

110 

102 

67 

11 
21 

44 
34 
42 

48 
35 

20 
20 
17 

10 
15 

32 

24 
32 
35 

12 

"34' 

41 

84 

72 
67 

13 

9 

14 

31 

88 

31 

25 

30 

17 

37 

41 

74 

14 

15 

40 

96 

33 

30 

31 

33 

/ 

42 

77 

15 

16 

37 

80 

28 

17 

31 

8 

46 

32 

53 

16 

17 

29 
42 

/  / 
79 

92 
67 

20 

17 

7 
9 

"14 

22 
29 

38 
23 

0 
0 

42 

18 

7 

19 

40 
29 

79 
'  81' 

133 

134 
169 

8 
7 

18 

7 
7 

24 

29 
41 

25 

19 
14 

20 

20 
20 

8 

9 
7 

41 

20 

21 

7 

40 

22 

69 

78 

112 

130 

90 

"53' 
68 

150 
161 
121 

17 

26 
49 
43 
56 

23 
32 

23 
17 

16 
36 
35 
62 

23 

64' 

17 
24 

47 

24 

0 

7 

20 
23 

25 

10 

53 

26 

112 

48 

83 

41 

42 

10 

85 

42 

72 

27 

98 

38 

51 

/ 

49 

46 

9 

85 

45 

49 

2& 

113 

21 
26 

23 
31 

17 

59 
59 

53 
53 

37 
26 

8 
17 

80 
56 

43 

35 

11'^ 

29 

34 

30 

54 

14 

25 

61 

50 

16 

23 

61 

25 

27 

31 

20 

65 

15 

23 

30 

50 

Means 

57.3 

50.9 

71.9 

14.3 

33.7 

38.8 

26.5 

18.6 

38.7 

48.8 

24.6 

39.9 

Mean  Sun-spot  Number  for  1920  =  38.7. 
'For  previous  table,  see  Terr.  Mag.,  25,  141,  1920. 
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PROVISIONAL  SUN-SPOT  NUMBERS  FOR  1921. 


Daj' 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

38 

16 

28 

0 

25 

109 

22 

17 

0 

7 

0 

2 

23 

22 

11 

25 

16 

26 

95 

20 

9 

0 

3 

28 

10 

n 

10 

24 

95 

17 

15 

0 

4 

44 

22 

7 

35 

0 

2a 

89 

9 

7 

0 

5 

26 

0 

22 

0 

19 

97 

8 

0 

0 

0 

6 

18 

0 

22 

0 

21 

80 

0 

0 

0 

7 

17 

34 

0 

30 

59 

0 

7 

0 

0 

6 

8 

18 

7 

25 

9 

68  ■ 

51 

0 

0 

16 

0 

0 

9 

19 

11 

17 

58 

0 

0 

8 

10 

29 

22 

26 

40 

56 

50 

0 

10 

7 

0 

9 

11 

37 

40 

28 

57 

51 

47 

10 

12? 

7 

12 

34 

44 

47 

50 

40 

56 

20 

16 

19 

10 

25 

13 

63 

ii 

35 

38 

71 

41 

44 

23 

19 

11 

14 

78 

25 

53 

28 

63 

25 

29 

14 

21 

25 

15 

15 

22 

35 

49 

16 

15 

13 

35 

16 

16 

29 

37 

0 

17 

15 

29 

46 

17 

47 

25 

31 

55 

32 

8 

14 

16 

26 

8 

18 

23? 

1^ 

41 

46 

9 

13 

29 

S?> 

7 

19 

34 

37 

38 

18 

27 

3,^ 

1(1 

20 

41 

48 

7 

50 

18 

8 

16 

14 

35? 

21 

31 

28 

41 

22 

13 

30 

29 

49 

46 

22 

26 

38 

23< 

47 

8 

7 

39 

U 

i5 

55 

Zi 

23 

44 

36 

37 

11 

20 

7 

19 

19 

21 

24 

36 

39 

28 

8 

17 

14 

29? 

23 

52 

12 

25 

15 

13 

35 

n 

13 

30 

24 

20 

49 

12 

26 

20 

14 

40 

n 

7 

41 

29 

43 

48 

8 

27 

15 

20 

55 

24 

21 

68 

24 

73 

16 

53 

20 

28 

17 

16 

53 

22 

75 

35 

53 

17 

8 

29 

7 

42 

7 

7 

74 

35 

30 

17 

21 

8 

30 

13 

i?. 

0 

15 

85 

40 

11 

8 

14 

0 

31 

10 

27 

0 

?<?< 

24 

10 

0 

Means 

28.8 

27.6 

27.5 

30.5 

22.3 

34.5 

42.4 

20.8 

16.7 

16.1 

13.4 

15.7 

Mean  Sun-spot  Number  for  1921  =  24. 
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EARTHQUAKE   RECORDS  ON   THE   ESCHENHAGEN 
MAGNETOGRAMS  AT  THE  WATHEROO  MAG- 
NETIC OBSERVATORY,  WESTERN     - 
AUSTRALIA,  AUGUST  13  and  23,  1921. 

/. — Earthquake  Record  of  August  13,  1921. 

All  the  times  given  below  are  referred  to  G.  M.  T. 

In  horizontal  intensity  the  first  impulse  is  shown  at  13"^  02°^  40% 
August  13,  1921,  gradually  subsiding  by  131^  04'"  30-;  at  13 '>  05™  00 « 
there  is  another  impulse.  There  are  some  small  undulations  in  the 
trace  after  this  time,  but  the  seismic  effect  gradually  dies  away  by 
13 'M2™  00%  when  there  is  another  distinct  broadening  of  the  trace, 
lasting  for  about  90  seconds,  after  which  the  trace  resumes  its 
normal  character.  The  amplitude  of  the  movements  is  about 
0.6  mm. 

The  record  on  the  declination  trace  is  composed  of  three  sepa- 
rate periods  of  blurring,  the  times  of  beginning  and  ending  of  each 
period  being:  (1)  13^^  00™  00-  to  13'^  01™  30-  (2)  13^  03™  40-  to 
13'^  06™  30-;  and  (3)  13^  07™  30-  to  13^  13™  30-,  by  which  time  the 
trace  had  resumed  its  normal  definition.  The  amplitude  in  D  is 
uncertain,  but  the  impulse  which  commences  the  second  period 
appears  to  have  been  the  largest,  the  amplitude  being  about  0.7  mm. 

No  effect  in  the  vertical  intensity  can  be  discerned. 

Mr.  H.  B.  Curlewis,  government  astronomer  at  Perth,  has 
kindly  supplied  the  following  data  from  the  Milne  seismogram  at 
the  Perth  Observatory:  Preliminary  tremors,  P,  at  \2^  57™  26.2 «; 
very  small  movement — doubtful;  reflected  waves,  PR,  3.t  \Z^  00°^ 
00%  very  small  movement — doubtful;  transverse  waves,  S,  at 
13^  03™  51. 8-,  quite  distinct;  longitudinal  waves,  L,  at  13^^  08"" 
11.2 ^  At  13"^  18™  00.0-  end  of  distinct  movement;  after-tremors 
continued  for  some  time. 

//. — Earthquake  record  of  August  23,  1921. 

There  is  a  slight  broadening  of  the  horizontal-intensity  mag- 
netogram  between  XO"^  06™  and  10'^  21™  and  of  the  declination 
magnetogram  between  10^  08™  and  10 •^  18™.  No  efTect  is  discern- 
ible on  the  vertical-intensity  magnetogram. 

Mr.  Curlewis,  government  astronomer  at  Perth,  states  that 
"The  phases  are  poor  and  the  boom  movements  very  slight.  I 
make  the  distance  of  the  earthquake  about  2,700  km."  The 
particulars  from  the  seismograph  at  Perth  are:  P,  not  discernible; 
Pi?,  10^02™  37.. 6;  5,  10 •>  06™  11 -.2;  L,  10^  08™  35-.7;  £,  (about) 
lOi^  31™. 

W.  C.  Parkinson,  Observer-in-Charge. 
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16.  Principal  Magnetic  Storms  at  Cheltenham  Magnetic  Observatory,  July  to 
December,  1921}  There  were  no  notal)le  magnetic  storms  during  the  quarter, 
July  to  September,  1921. 


Greenwich  Mean  Time 

Range 

Beginning 

rending 

h           in 

Oct.    8,       1.3      .  . 

Declination 
48.2 

Horizontal 
Intensity 

\ertical 
Intensity 

li      III 
Oct.      S,         1 

147 

266 

//.  Magnetic  Observations  in  Siberia,  1921.  Professor  Boris  Weinberg 
states,  in  a  letter  dated  Tomsk,  November  16,  1921,  that  three  magnetic  ex- 
peditions under  his  direction  during  the  summer  of  1921  made  magnetic  observa- 
tions at  95  stations  in  Siberia,  23  of  them  being  secular-variation  stations.  A 
great  deal  of  information  was  obtaineel  concerning  local  disturbances. 

18.  Institut  de  Physique  du  Globe.  -On  July  28,  1921,  there  was  established 
at  the  University  of  Paris,  an  Institut  de  Physique  du  Globe  for  general  instruction 
and  research  in  geophysics.  This  institute  will  concern  itself  especially  with 
observations  and  investigations  in  terrestrial  -magnetism,  and  a  general  course  of 
instruction  in  geophysics  will  be  established  with  the  sanction  of  the  University. 
It  will  be  a  center  of  purely  scientific  research  and  will  have  the  use  of  the  Parc- 
Saint-Maur  Observatory  and  the  magnetic  station  of  V'al-Joyeux.  Its  quarters, 
until  further  notice,  will  be  in  the  same  building  as  the  National  Meteorological 
Office.  There  will  also  be  added  to  this  organization  two  central  bureaus;  one 
for  terrestrial  magnetism,  at  Paris,  and  the  other  for  seismology,  at  Strasbourg. 

19.  Personalia.  W.  van  Bemmelen  was  appointed  December  2,  1921, 
lecturer  on  physical  geography  at  the  Amsterdam  University,  Holland.  C.  Braak 
has  been  appointed  director  of  the  Batavia  Meteorological  and  Magnetic  Ob- 
servatory; for  many  years  he  had  been  sub-director  while  Dr.  van  Bemmelen 
was  the  director.  W.  C.  Parkitison,  after  several  years  of  faithful  and  successful 
service  af  the  Watheroo  Magnetic  Observatory,  Australia,  has  been  assigned 
to  other  important  duties  in  the  Department  of  Terrestrial  Magnetism.  He  left 
Watheroo  in  December,  and  while  en  route  to  England  he  will  secure  inter- 
comparisons  of  magnetic  instruments  at  several  Kuroix-an  magnetic  observatories. 
G.  R.  Wait  succeeds  Mr.  Parkinson  as  observer-in-charge  of  the  Watheroo 
Observatory;  his  chief  assistant  will  be  J.  Shearer,  of  the  Perth  University, 
who  has  been  appointed  observer  in  the  Department  of  Terrestrial  Magnetism. 
H.  R.  Sverdrup,  in  charge  of  the  scientific  work  of  the  Amundsen  Arctic  Ex- 
pedition,  has  been  associatcfl  with  the   De|)artment  of  Terrestrial   Magnetism 

■Communicated  by  E.  Lester  Jones,  director,  U.  S.  Coast  and  Geodetic  Survey;    Geo. 
Hartnell,  observer-in-charRC.     Lat.  38°  44. '0  N;   Long.  76°  .SO'..S  or  .S*'  07'". 4  \V.  of  Greenwich. 
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at  Washington  since  October  for  the  reduction  of  the  magnetic  observations 
made  by  the  Expedition,  while  the  Maud  is  undergoing  repairs  at  Seattle.  Daniel 
Berthelot  has  been  elected  a  member  of  the  Inter  University  Commission  for  the  co- 
ordination of  the  "Services  de  Physique  du  Globe"  of  Paris  and  Strasbourg. 

Karl  Luyken  is  giving  a  course  of  lectures  during  the  winter  semester,  1921-22, 
at  the  Technische  Hochschule,  Berlin,  on  "Der  Erdmagnetismus  und  seine  An- 
wendung  in  Technik  und  Bergbau." 

We  regret  to  note  the  following  deaths:  George  Walker  Walker,  September 
6,  1921,  at  the  age  of  forty-seven  years  (see  biographical  sketch,  page  150); 
Julius  von  Ilann,  former  director  of  the  Zentralanstalt  fiir  Meteorologie  und 
Geophysik  of  \'ienna,  and  well  known  for  his  extensive  contributions  to  the 
science  of  meteorology,  at  his  home  in  Vienna,  October  1,  1921,  in  his  eighty- 
third  year;  and  W.  S.  Bruce,  the  well-known  polar  explorer  and  naturalist, 
October  29,  1921,  at  the  age  of  fifty-four  years. 

20.  Activity  at  Russian  Geophysical  Observatories.^ — Since  the  summer  of 
1920  Mr.  Smirnoff  has  been  the  administrator  of  the  Pavlovsk  Observatory  and 
chief  of  the  magnetic  division,  and  Mr.  Sawinoff  has  had  charge  of  the  meteor- 
ological work.  Mr.  Aganin  has  been  in  charge  of  the  Observatory  of  the  University 
of  Odessa  since  1919. 

Mr.  Hermann  A  bels  has  been  director  of  the  Geophysical  Observatory  in  Ekater- 
inburg since  1885;  the  assistant  director  is  Mr.  Paul  Miiller.  The  direct  hourly 
meteorological  and  magnetical  observ^ations,  begun  in  1887,  have  been  con- 
tinued without  interruption  in  spite  of  the  difficulties  resulting  from  the  war, 
but  a  discontinuance  of  the  magnetograph  work  may  ensue  because  of  lack  of 
photographic  paper.  The  "Annalen  des  Observatoriums"  have  been  published 
complete  only  for  1914.  For  1915,  Hefte  III,  IV,  and  V  have  not  appeared,  but 
the  first  number  of  the  "Annalen"  which  contains  the  observations  in  extenso, 
has  been  published  for  the  five  years  1912-1916.  In  October,  1913,  the  seismical 
apparatus  constructed  by  Prince  B.  Galitzin,  was  set  up  and  has  been  in  operation 
ever  since  with  only  slight  interruptions.  The  seismological  bulletin  has  been 
issued  for  October,  1913  to  1917,  and  for  a  part  of  1919. 

In  1914  a  magnetic  survey  of  Western  Siberia  was  begun  by  the  Ekaterinburg 
Observatory  and  continued  in  1915  and  1916,  when  it  had  to  be  suspended. 
The  results  for  1914  and  1915  have  been  printed  in  the  journal  published  by  the 
Russian  Academy  of  Sciences:  "Die  magnetische  Aufnahme  Russlands,"  Heft  7. 

In  1920  it  became  necessary  to  discontinue  magnetic  registration  at  the 
Irktitsk  Observatory  and  to  make  hourly  readings  of  the  magnetograph  instead. 
The  Observatory  at  Tiflis  has  suffered  most  of  all  with  regard  to  its  personnel,  but 
Mr.  Assafrey  has  carried  on  magnetic  work  during  the  whole  time.  The  plan  for 
establishing  new  magnetic  observatories  at  Tashkent,  Vladivostok,  and  Arch- 
ahgelsk  had  to  be  abandoned. 

21.  Geophysical  Observatory  in  the  Shetland  Islands. — A  geophysical  ob- 
servatory at  Lerwick  was  opened  on  June  7,  1921.  The  desirability  of  having 
an  observatory  in  the  Shetlands  for  securing  observations  of  the  aurora  under 
favorable  conditions,  and  records  of  magnetic  force  in  the  most  disturbed  region 
of  the  British  Isles,  led  to  its  establishment.  The  invitation  of  the  Norwegian 
Government  to  co-operate  in  geophysical  w6rk  during  the  period  of  Amundsen's 

'From  Meteorologische  Zeilschrift,  .August,   1921,  pp.  244-245. 
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Arctic  Expedition  gave  further  stimulus  for  the  founding  of  a  northern  observa- 
tory. The  work  of  the  Observatory  will  include  meteorology,  terrestrial  mag- 
netism, auroral  photographs,  and  atmospheric  electricity;  when  permanency  is 
ensured  additional  geophysical  work  is  to  be  undertaken. 

22.  International  Meetings  at  Rome,  1922. — The  International  Astronomical 
Union  and  the  International  Geodetic  and  Geophysical  Union  will  meet  at 
Rome  beginning  May  2  instead  of  April  20,  as  previously  announced. 

23.  TJmnderstorm  Effects  on  Magnetograms  at  Lukiapang  Observatory. — 
Under  date  of  August  4,  1921,  Father  J.  de  Moidrey  of  the  Lukiapang  Observa- 
tory calls  attention  to  some  interesting  disturbances  recorded  August  1,  1921, 
on  the  magnetograms  at  the  observatory  during  a  thunderstorm.  In  general, 
no  disturbances  have  been  noted  at  Lukiapang  during  thunderstorms.  The 
form  of  the  disturbance  is  not  the  same  as  that  assigned  to  an  earthquake,  and 
the  movements  in  horizontal  intensity  and  in  declination  were  not  simultaneous. 
Between  16''  43™  and  IS*"  39™  there  were  13  distinct  records  in  declination  and 
11  in  horizontal  intensity,  of  which  only  2,  viz.,  at  16''  43™  and  at  ly*  12™, 
were  simultaneous  in  both  elements;  while  the  records  in  declination  were  more 
numerous,  they  were  not  so  pronounced  as  in  horizontal  intensity.  The  maximum 
amplitude  in  declination  was  1'.2  at  \1^  16™,  and  in  horizontal  intensity  at  least 
IO7  at  18  *"  02™  (there  were  3  oscillations  in  about  5  minutes  around  this  time) 
The  times  noted  are  for  standard  120°  east  meridian. 

24.  Earthquake  Records  on  Magnetograms  at  Lukiapang  Observatory. — Father 
J.  de  Moidrey  notes  the  following  particulars  regarding  some  recent  earthquake 
effects  recorded  on  the  horizontal-intensity  magnetograms  at  Lukiapang.  In  all 
cases  the  trace  was  interrupted  by  a  sudden  increase  in  horizontal  intensity. 
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LATEST   ANNUAL   VALUES   OF   THE    MAGNETIC    ELE- 
MENTS AT  OBSERVATORIES.i 

Compiled  by  J.  A.  Fleming. 


Observatory 

Lati- 
tude 

Longi- 
tude 

\-ear 

Declina- 
tion 

Inclina- 
tion 

(/) 

Intensity 

Hor.  {II) 

Ver.  (Z) 

Sodankyla .  .  . 

0    / 

67  22  X 

0    1 

26  39  E 

1914 

o    / 

0  18. 3E 

75  19.2  X 

c.g.s. 
. 12905 

c.g.s. 
.49238 

Pavlovsk .... 

59  41  N 

30  29  K 

190S 

1  16.0  E 

70  38 . 6  X 

. 16480 

46913 

1 ')()<; 

1  23.0  E 

70  40 . 4  X 

.16450 

.46904 

1910 

1  30 . 0  E 

70  41.9  X 

.16420 

.46882 

1911 

1  37.2  E 

70  43 . 9  X 

. 16386 

.46873 

1912 

1  44 . 2  E 

70  46.0  X 

.16351 

. 46865 

1913 

1  51.7  E 

70  48 . 5  X 

.16308 

.46854 

1914 

1  59 . 5  E 

70  51.6  X 

.16260 

.46849 

1915 

2  06 . 8  E 

70  54 . 9  X 

.16210 

.46850 

1916 

2  14.2  E 

70  58 . 3  X 

.16158 

.46850 

1917 

2  20.9  E 

71  01.6  X 

.16110 

.46859 

1918 

2  27. 8E 

71  04.9  X 

.16063 

.46867 

1919 

2  35.2  E 

71  07.9  X 

. 16023 

.46882 

Sitka 

57  03  N 

135  20\V 

1917- 

30  24.7  E 

74  24.8  X 

.15584 

. 55866 

1918 

30  24.9  E 

74  23.8  X 

.15580 

.55790 

1919 

30  26.7  E 

74  23.2  X 

.15578 

.55748 

Rude  Skew  . 

55  51  N 

12  27  E 

1918 

8  17.  IW 

68  56 . 5  X 

.17167 

.44587 

Eskdalemuir. 

55  19  N 

3  12\V 

1917 

17  16. 3W 

69  38.6  X 

.16732 

.45093 

1918 

17  08.  IW 

69  39.0  N 

.16715 

.45067 

1919 

16  58. 7 W 

69  39.5  X 

.16713 

.45084 

Meanook.  .  .  . 

54  37  N 

113  20\V 

1920 

27  38. 6E 

77  53.6  X 

.12921 

.60239 

Stony  hurst..  . 

53  51  N 

2  28W 

1920 

15  52.9\V 

68  43 . 5  X 

.17303 

.44433 

Potsdam .... 

52  23  X 

13  04  E 

19173 

7  58.4\V 

66  29 . 2  X 

.18671 

.42912 

1918 

7  49. 3W 

66  30 . 8  X 

. 18646 

.42912 

1919 

7  39.  7W 

66  32 . 3  X 

. 18625 

.42913 

1920 

7  29. 4W 

66  33 . 5  X 

.18606 

.42912 

Seddin 

52  17  X 

13  01  E 

1917^ 

7  59.8\V 

66  26.1  xX 

.18711 

.42898 

1918 

7  50.8\V 

66  27.7  X 

. 18687 

.42899 

1919 

7  41.0\V 

66  29 . 3  X 

.18663 

,42898 

1920 

7  30.  7W 

66  30 . 5  X 

. 18644 

.42897 

De  Bilt 

52  06  X 

5  11  E 

1918 

11  44.0\V 

66  50.7  X 

. 18424 

.43081 

1919 

11  34.3\V 

66  51.5  X 

.18410 

.43075 

1920 

11  24.2\V 

66  51.8  X 

.18397 

.43056 

Valencia 

51  56  X 

10  15W 

1917 

19  43.0\V 

68  06 . 9  X 

.17855 

.44448 

1918 

19  36.  2W 

68  06 . 5  X 

.17844 

.44407 

1919 

19  27.2W 

68  06.1  N 

.17842 

.44385 

'See  tables  for  previous  years  in  Terr.  Mag.,  vol.  4.  p.  135;   vol.  .S,  p.  128;   vol.  8,  p.  7;    vol.  12, 
175;    vol.  16,  p.  209;    vol.  20,  p.  131;    vol.  22,  p.  169;    vol.  23,  p.  191;    and  vol.  25,  p.  179. 
'Final  values  to  replace  the  preliminary  ones  published  in  vol.  23,  p.  191. 
'Corrected  values. 
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Lati- 
tude 

Longi- 
tude 

Year 

Declina- 
tion 

(D) 

Inclina- 
tion 

Intensity 

Observatory 

Hor.  {H) 

Ver.  (Z) 

Bochiim''.  .  .  . 

o         / 

51  29N 
51  28  N 

o         / 

7   14  E 
0  19W 

1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 

1917 
1918 
1919 

11  30.6\V 
11    19.  2W 
11   08.9\V 
10  59.3\\' 
10  49. 7 W 
10  40.4\V 
10  31.4VV 
10  21. 6W 

14  59. 6W 
14  50. 4W 
14  40.9\V 

o         / 

c.g.s. 

c.g.s. 

Kew 

66  58.0  X 
66  58.4  xX 
66  57.7  X 

.  18437 
. 18429 
.18416 

.43366 
.43361 
.43305 

Greenwich . .  . 

51  28  N 

0  00 

1919 

14  18.2VV 

66  53.6  X 

.18455 

.43254 

Uccle 

50  48  N 

4  21  E 

1914 
1915 

12  48. OW 
12  38. 4W 

66  00.7  X* 
66  01.2  X" 

. 19007 
. 18989 

.42714* 

O'Gyalla 
(Pesth).... 

47  53  X 

18  12  E 

1910 
1911 
1912 

6  34.  IW 
6  25.3\V3 
6  17.3\V-^ 

62  31.2  X 

.21082^ 
.2 1067'^ 
.210603 

.40532 

7 

7 

7 

Agincourt.  .  . 

43  47  N 

79  16W 

1920 

6  45. 4W 

74  44.6  X 

.  15865 

.58166 

Capodimonte 

40  52  \ 
40  49  N 

14  15  E 
0  31  E 

1910 
1911 
1912 
1913 
1914 

1920 

8  13.0\V 
8  05.5\V 

56  11.9  X 
56  1 1 . 7  X 
56  12.4  X 

.24160 
.24171 
.24150 
.24125 
.24166 

.23291 

. 36088 
. 36099 
. 36084 

Ebro  (Tortosa) 

11   59.3\V 

57  39.4  X 

.36781 

Cheltenham.. 

38  44  X 

76  50W 

1917-^ 
1 9 1  ^^ 
1919 
1920 

6   10.4\V 
6   12.4\V 
6   15.0\\' 
6   18.5\V 

70  51.5  X 
70  53 . 0  X 
70  54.4  X 
70  55.4  X 

.19276 

.19221 

19168 

.19118 

55532 

55456 

.55371 

.55285 

Tucson 

32  15  X 

110  50W 

19183 

13  47.1  E 

59  26 . 5  X 

.  26982 

.45701 

Lukiapang.  .  . 

31   19  X 

121   02  E 

1914 

3  09  5\V 

45  31.7  X 

.33227 

. 33844 

Dehra   Dun. . 

30  19  X 

78  03  E 

1919 

1   56 .  1  E 

44  54  8  X 

.32962 

.  MS6i 

Hongkong, . . 

22   18  X 

114   lOE 

1920 

0  20.8\V 

30  46.4  X 

.37191 

22146 

Honolulu.  .  .  . 

21    19  X 

158  04\V 

1919^ 
1920 

9  50.8  E 
9  53  2  E 

39  25.8  X 
39  25.1  X 

.28871 
.28847 

23740 
.23711 

Toungoo. . . . 

18  56  X 

96  27  E 

1919 

0  20  2\V 

2i  08 . 3  X 

.39097 

. 16707 

•The  values  given  for  declination  are  the  mean  daily  values  at  S     and  M^;   the  value  resulting 
from  all  hourly  values  in  1920  is  10°  19'.<)  \V. 

'Mean  of  2  to  4  absolute  values  each  month. 

•Mean  of  2  to  4  absolute  values  each  month  for  10  months,  Januarj'  to  October. 

'No  results  account  rebuilding  of  vertical-intensity  instrument. 
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Lati- 
tude 

Longi- 
tude 

Year 

Declina- 
tion 

Inclina- 
tion 

(/) 

Intensity 

Observatory 

Hor.  {H) 

Ver.  (Z) 

Vieques 

o        / 

18  09  N 

o         / 

65  27VV 

1916^ 
1917^ 
1918= 

o 

3 
3 
3 

19,  2W 
27.0W 
34.  OW 

50 
51 
51 

55 . 5  N 
02.7  N 
10.9  N 

c.g.s. 
.28158 
. 28066 
.27985 

c.g.s. 
.  34680 
.34714 
.34783 

Antipolo 

14  36  N 

121   10  E 

1914 
1915 
1916 
1917 

0 
0 
0 
0 

38. 8E 
37 . 3  E 
37.3  E 
35.9  E 

16 
16 
16 
16 

10.6  N 
11   2  N 
09.8  N 

07.7  N 

.38062 
. 38095 
. 38096 
.38088 

.11041 
.11057 
.11042 
.11014 

Kodaikanal .  . 

10  UN 

77  28  E 

1919 

1 

44 .  5\\' 

4 

33.5  N 

.37753 

.03010 

Batavia- 
Buitenzorg 

6  11  S 

106  49  E 

1916 

0 

46.0  E 

31 

38.4  S 

. 36698 

.22613 

Watheroo. .  .  . 

30  18  S 

115  53  E 

19198 
19208 

4 
4 

24.4\V 
24. 4W 

63 
63 

51.6  S 
54.4  S 

.24927 
.24895 

.50793 
.50832 

Pilar 

31  40  S 

63  53W 

1918 

8 

05.5  E 

25 

39.5  S 

.25397 

.12200 

Toolangi .... 

37  32  S 

145  28  E 

1920" 

8 

00.8  E 

67 

55.1  S 

.22874 

. 56384 

Christchurch. 

43  32  S 

172  37  E 

1920 

17 

01.7  E 

68 

09.2  S 

.22261 

.55525 

'Means  of  absolute  observations  made  weekly. 
"Means  from  22  absolute  observations  during  the  year. 


BIOGRAPHICAL  SKETCH  OF  GEORGE 
WALKER  WALKER.i 

George  Walker  Walker,  A.R.C.Sc,  M.A.,  F.R.S.,  was  born  in 
Aberdeen,  Scotland,  February  24,  1874.  He  was  the  son  of  Mr.  John 
Walker,  of  Aberdeen,  Originally  an  engineer,  he  attended  evening 
classes  at  Gordon's  College,  Aberdeen.  Obtaining  a  national 
scholarship,  he  entered  in  1892  the  Royal  College  of  Science  in 
London,  of  which  he  eventually  obtained  the  associateship.  His 
mathematical  abilities  attracted  the  notice  of  his  teacher.  Sir 
Arthur  iRiicker,  then  professor  in  the  Royal  College  of  Science, 
and  ^on  his  advice  Walker  entered  Trinity  College,  Cambridge. 
He  had  a  distinguished  career  at  Cambridge,  being  fourth  wrangler, 
Smith's  prize-man  and  Isaac  Newton  student,  and  in  1900  he  was 
elected  to  a  fellowship  at  Trinity.  After  further  study  at  Gottingen, 
he  was  for  a  period  of  years  a  teacher  of  Physics  in  Glasgow  Uni- 
versity. 

In  1908  he  was  appointed  Superintendent  of  the  newly  erected 
observatory  at  Eskdalemuir  in  Dumfriesshire,  Scotland,  then  under 
the  control  of  the  National  Ph^^sical  Laboratory.  In  1910  the 
observatory  was  transferred  to  the  Meteorological  Office,  and  two 
years  jlater  Walker  resigned  the  superintendentship.  He  was 
engaged  for  several  years  on  the  magnetic  re-survey  of  the  British 
Isles,  a  project  in  which  the  Royal  Society,  the  British  Association, 
and  the  Survey  Department  all  showed  an  interest.  For  some 
years  before  his  death — which  occurred  September  6,  1921,  following 
a  serious  operation — ^he  was  engaged  on  scientific  work  at  the  Royal 
Naval  Mining  School  at  Portsmouth.  It  is  understood  that  he  gave 
valuable  service  during  the  war. 

As  superintendent  of  Eskdalemuir  Observatory,  Walker  was 
brought  into  close  contact  with  the  working  of  the  Galitzin  pendu- 
lums installed  there,  and  so  with  the  whole  subject  of  seismology,  in 
which  he  developed  a  deep  interest.  Besides  contributing  several 
papers  on  the  subject  to  the  Royal  Society's  Transactions,  he 
wrote  a  snYall  volume  "Modern  Seismology"  dealing  with  seis- 
mological  instruments  and  results. 

Walker's  principal  contribution  to  terrestrial  magnetism, 
"The  Magnetic  re-survey  of  the  British  Isles  for  the  epoch  January 
1,  1915,"  appeared  in  the  Royal  Society's  Transactions  A,  vol.  219, 
1919.  To  the  Society's  Proceedings,  series  A,  he  contributed  papers 
"On  a  new  analytical  expression  for  the  representation  of  the 
components  of  the  diurnal  variation  of  terrestrial  magnetism," 
vol.  88,  p.  191;  "The  diurnal  variation  of  terrestrial  magnetism," 
vol.  89,  p.  379;  and  "A  portable  variometer  for  magnetic  survey- 
ing," vol.  92,  p.  313.  He  also  wrote  several  important  papers  on 
problems  presented  by  electrified  bodies  moving  with  high  velocity 
and  other  theoretical  questions,  some  related  to  astronomy.  In 
all  the  subjects  he  dealt  with  he  was  a  very  independent  thinker, 
not  always  in  agreement  with  recognized  authorities.  His  election 
to  the  F.R.S.  in  1913  is  evidence,  however,  that  the  originality  of 
his  work  was  appreciated  by  comp>etent  judges.  He  was  a  member 
also  of  the  National  Geophysics  Committee,  and  attended  the 
Brussels  meetings  in  July  1919. 

'Contributed  by  Dr.  Charles  Chree.  F.  R.  S.  For  the  portrait  of  Walker,  which  appears  in 
this  issue  of  the  Joi'RNal,  we  are  indebted  to  Mrs.  Walker. — Ed. 
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AC^KNDA  OF  SECTION  TERRESTRIAL  MAGNP:TISM  AND 

ELECTRICITY,  INTERNATIONAL  GEODETIC 

AND  GEOPHYSICAL  UNION,  ROME 

MEETING,  MAY^  1922 

\. — Opening  of  Meeting. 

2. — Report  of  Secretary  and  Director  of  the  (\'ntral  Bureau. 

3. — Miscellaneous    reports    (National    and    olher    Commiltees, 

special  investigations,  etc.). 
4. — Subjects  for  discussion  and  for  consideration  by  Committees. 
5. — Plan,  Scope  of  Activities  and   Name  of  the  Internationa! 

Section. 
6. — Statutes  and  organization  of  International  Section. 
7. — Appointment  and  Organization  of  C\)mmittees. 
8. — Resolutions. 

The  subjects  proposed  (under  4)  include  the  following: — 

A. — Terrestriai.  M.\gnetism. 

L — Absolute  Instruments. 

a.  Electrical  methods. 

b.  Determination  of  "constants." 

c.  Intercomparisons. 
2. — Absolute  observations. 

a.  Methods. 

b.  Reductions. 
3. — Magnctographs. 

a.     Scale  value  determinations. 
/;.     Scale  values  desirable, 
r.      Best  elements  to  record. 

4. —  Characterization  of  days  and  Magnetic  Activity. 
5. — Curve  Measurements. 


6. — Mean     annual     values 
and   secular   change. 


a. 
b. 
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Time  (e.o.,  G.M.T.  or  local?) 
Mean  or  instantaneous  values? 
If  mean  values,  60  minutes  to 

centre  at   hour  or  at   half 

hour.-' 


If  from,  curves,  type  of  days? 
If  from,  absolute  observations, 
corrections? 
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7. — Diurnal  Inequalities. 
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C. 


From  all  or  selected  days?  If 
selected  days,  type  or 
types? 

Application  of  non-cyclic  cor- 
rections. 

Fourier  Co-efficients. 


8. — Copies  of  curves.     Scheme  for  obtaining  or  exchanging. 

9. — Publications. 

a.  What    should    be    published? 

Minimum  desirable. 

b.  Form, 
r.      Terminology. 


10. — ^Magnetic  Surveys. 


/ 


a.     Density  of  stations. 
h.     Interval  between  surveys  and 
epoch. 

c.  Method  and  accuracy  of  ob- 
servations. 

d.  Reduction  to  common  epoch. 

e.  Construction  of  isomagnetic 
curves. 

Treatment  of  disturbed  areas, 
Anomalies,  Geological  re- 
lationships. 

^.  Analysis  of  earth's  magnetic 
field. 

//.     Presentation  of  results. 

11. — Variation  of  magnetic  elements  with  height. 

12. — Magnetic   line   integrals   and    electrical    air-earth    currents, 
their  determination  and  compatability. 

B. — Elfctrkitv. 

1. — The  obtaining  and  publication  of  complete  data  for  potential 
gradient,  air-earth  current,  conductivity,  and  number  of  ions  in  the 
most  uniform  and  satisfactory  way  (a  Committee  to  enquire  and 
report  on  instruments  and  methods). 

2. — Upper  air  observations  on  electrical  elements. 

3. — Aurora  (methods,  instruments,  compilations,  etc.) 

4. —  Karth  currents  (methods,  instruments,  obserxations,  pub- 
lications). 

.^. — Relations  between  solar  acthity  and  magnetic  and  electrical 
phenomena  on  the  earth. 
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SOME     RESULTS    OF    RECENT    EARTH-CURRENT    OB- 
SERVATIONS  AND    RELATIONS   WITH    SOLAR 
ACTIVITY,    TERRESTRIAL    MAGNETISM, 
AND  ATMOSPHERIC  ELECTRICITY.^ 
By  Louis  A.  Bauer. 
\.    Renewed   interest  was  aroused   by   the   remarkable  earth- 
current  disturbances  of  May  14  to  May  20,  1921,  and,  as  will  be 
recalled,  there  were  also  at  the  time  brilliant  displays  of  polar 
lights,  severe  magnetic  storms,  and  manifestations  of  pronounced 
solar  activity.    These  disturbances  and  accompanying  phenomena 
occurred  over  the  entire  Earth.     Northern  lights  were  observed  in 
lower  northerly  latitudes   than   usual,   and   southern   lights  were 
seen  as  far  north  in  the  Southern  Hemisphere  as  Apia,  Samoa — a 
very   unusual   occurrence.      In   certain   respects   the  disturbances, 
during  the  period  mentioned,  were  similar  to  those  which  occurred 
August  29  to  September  4,   1859.      In    the  latter  case,  northern 
lights  were  visible  as  low  as   18°   North,   and   the  magnetic  dis- 
turbances were  of  almost  unexampled  size  and  rapidity,  the  ac- 
companying aurora  being  extraordinarily  brilliant  and  potential 
differences  of  700  to  800  volts  are  said  to  have  been  reached  on 
telegraph  lines  for  distances  of  500  to  600  kilometers. 

2.  Since  Oersted's  discovery,  somewhat  over  a  century  ago,  of 
the  deflection  of  a  compass  needle  by  an  electric  current,  hypotheses 
have  been  repeatedly  advanced  that  the  Earth's  magnetic  field 
is  caused  by  electric  currents  circulating  in  the  crust.  However, 
most  of  the  earth-current  observations  up  to  the  present  time 
indicate  that  the  constant  part  of  the  electric  current  along  a  par- 
allel of  latitude  is  chiefly  towards  the  east,  instead  of  towards  the 
west,  as  would  be  necessary  to  account  for  the  observed  phenomena 
of  the  magnetic  needle. 

3.  At  the  International  Electric  Congress,  held  at  Paris  in 
1881,  such   interest  was  aroused  in   the  subject  that  systematic 

'  Presented  before  the  Philosophical  Society  of  Washington,  February  25,  1922. 
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investigation  of  earth-currents,  especially  as  observed  in  telegraph 
lines,  was  undertaken  in  various  countries.  Thus  material  was 
furnished  for  Weinstein's  well-known  publication^  in  which  data 
obtained  on  two  telegraph  lines  (Berlin  to  Thorn,  262  kilometers, 
and  Berlin  to  Dresden,  120  kilometers),  for  four  complete  years, 
namely,  from  1884  to  1887,  were  successfully  utilized. 

4.  Unfortunately,  the  interest  then  aroused  has  waned  and,  as 
far  as  known,  there  has  been  but  one  obser\'atory  in  recent  years 
where  systematic  earth-current  observations  have  been  made, 
namely,  at  the  Observatorio  del  Ebro,  Tortosa,  Spain,  where  a 
very  valuable  series  has  been  obtained  from  1910-1920.^  May 
renewed  interest  be  aroused  in  this  important  subject  at  the  forth- 
coming Rome  meeting  of  the  International  Geodetic  and  Geo- 
physical Union! 

5.  The  Department  of  Terrestrial  Magnetism  is  planning  to 
install  earth-current  lines  for  systematic  observations  at  its  mag- 
netic observatories.  This  year  such  lines  are  to  be  installed  at 
the  Department's  observatory  at  Watheroo,  Western  Australia, 
and  in  the  following  year  at  the  Huancayo  Observatory,  Peru. 
The  Commonwealth  of  Western  Australia,  besides  making  three 
Crown  Grants,  aggregating  200  acres,  for  the  site  of  the  Watheroo 
Observatory,  furthermore  has  granted  use  by  the  Carnegie  In- 
stitution of  Washington,  for  purposes  of  earth-current  in\-estiga- 
tions,  of  two  10-mile  strips  of  land,  each  1  rod  wide,  one  of  them 
running  astronomically  north  and  south  and  the  other,  astro- 
nomically east  and  west;  these  two  strips  of  land  start  from  the 
observatory -site  and  terminate  each  in  a  10-acre  tract. 

6.  Various  initial  investigations  ha\'e  been  in  progress  at  the 
Department's  laboratory.*  To  Mr.  O.  H.  Gish,  appointed  January 
1,  1922,  Associate  Physicist  of  the  Department,  has  been  assigned 
the  continuation  of  these  investigations.  Furthermore,  in  order 
to  take  advantage  of  the  previous  experience  gained  in  such  work, 
and  to  ascertain  the  direction  in  which  further  study  is  desirable, 
a  discussion  of  the  available  data,  especially  for  the  11 -year  series 
at  the  Observatorio  del  Ebro,  was  undertaken  by  the  writer.  The 
chief  results  of  this  latter  study  are  here  presented. 

'  WeinsUin,  B.:  Die  Erdstrome  im  Deiitschen  Reichstelegraphengebict  und  ihr  Zusainraen- 
hang  tnit  den  Erdmagnetischen  Erscheinungen.    Mit  einen  Atlas.    Braunschweig,  1900. 

•Unfortunately  the  series  was  interrupted  on  January  1,  1021,  because  of  defective  earth- 
plates;  it  is  much  hoped  that  the  defects  will  soon  be  remedied  and  the  series  continued. 

•See  Terr.  Man.,  vol.  23,  1918,  pp.  7,5-91  for  a  preliminary  report  by  Dr.  S.  J.  Mauchly,  en- 
titled, "A  Study  of  Pressure  and  Temperature  Effects  in  E^rth-Current  .Measurements."  (See 
also  the  article  by  J.  E.  Burbank,  "Earth-Currents,  and  a  Proposed  Method  for  their  Investiga- 
tion;" Terr.  Mor..  vol.  10,  190.S,  pp.  23-49.) 
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Earth-current  Observations  at  the  Observatorio 
DEL  Ebro,  1910-1920. 
7.  Earth-current  measurements  have  been  made  at  the  Ob- 
servatorio del  Ebro  since  January,  1910,  along  two  lines,  called 
here  N'S'  and  WE',  respectively.  For  brevity,  the  observatory 
will  hereafter  be  designated  "Ebro"  merely.  The  pertinent  data 
for  these  lines  are  given  in  Table  1,  from  which  it  will  be  seen  that 

Table   1. — Pertinent  data  respecting  earth-current  lines  at  the  Ebro  Observatory. 


Direction   of  line    (from   true 

_  North) . 

Distance     between     terminal 

plates 

Difference  in  level  of  terminal 

plates 


N'S' 


1910-1920 


25°  16'  \V 
1,280  meters 

8.8       " 


WE' 


1910-1911  (Jan.) 


112°  37' \V 

1,420  meters 

6.8        " 


1911  (F'eb.)-1920 


114°  46' W 

1,415  meters 

6.8       " 


they  are  each  somewhat  over  a  kilometer  long,  the  angle  between 
them  being  87°  21'  during  the  period  from  January,  1910,  through 
January,  1911;  a  change  was  then  made  in  the  WE'  line  so  that 
the  angle  between  the  lines  closely  approached  90°,  namely,  89° 
30'.  For  details  respecting  the  installations,  methods  of  observa- 
tion, photographic  registration,  and  evaluation  of  the  electrograms, 
reference  will  have  to  be  made  to  the  various  observatory  publica- 
tions.^   The  earth-plates  were  connected  by  aerial  lines. 

The  geographic  position  of  the  Ebro  Observatory  is  40°  49'  X, 
and  0°  31'  E;  accordingly  G.  M.  T.  hours  are  within  two  minutes 
of  local  hours.     The  altitude  above  sea-level  is  51  meters. 

8.  Starting  with  Father  Ubach's  formulae,*'  we  have  reduced 
for  the  period  investigated  the  earth-current  results,  as  published 
in  the  observatory  bulletins,  so  that  they  would  apply  to  the 
astronomical  directions.  For  the  five-year  period  1914-1918, 
there  will  be  found  in  these  valuable  bulletins  corresponding  mag- 
netic and  earth -current  data  for  the  5  so-called  "international 
magnetically-calm  days"  per  month.  In  general,  the  earth- 
currents  were  comparatively  undisturbed  on  these  magnetically- 
quiet  days,  though  in  a  few  instances,  it  was  necessary  to  utilize 
also  the  data  on  days  marked  in  the  Observatory  publications  as 

•C/.  Article  bv  Jose  Ubach,  S.  T..  Boletin  mensual  del  Observatorio  del  Ebro,  Tortosa,  vol. 
1,  No.  1.,  Jan.,  19i0,  pp.  51-55,  and  Memoires  de  I'Obs.  de  I'Ebre.  No.  4,  La  Section  Electnque, 
par  J.  Garcia  MoUa,  S.  J.,  1910,  pp.  95-119. 

•/.  <:.,  pp.  51-55. 
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"electrically-calm."  These  cases  were  in  July,  1916,  and  February, 
1918,  for  the  N'S'  currents,  and  in  June,  1915,  and  January,  1916, 
for  the  W'E'  currents.  Account  was  also  taken  of  some  obvious 
typographical  errors. 

9.  If  N'S'  and  WE'  represent,  respectively,  the  currents  cor- 
responding to  the  measured  potential-differences  in  millivolts  per 
kilometer,  along  the  directions  given  in  Table  1,  and  NS  and  WE, 
the  currents  along  the  astronomical  directions,  then  we  have  for 
the  period  1911  (Feb.)-1920: 

NS  =  0.908  N'S'-  0.427  W'E'=  -N  (1) 

WE  =  0.419  N'S'-\-  0.904  W'E'=   -W  (2) 

R  =  V{NSy-^-{WEY  =  v\-NY+{-Wy  (3) 

A   =  tan-i  {WE)/{NS)  =  tan'^  {-W)/{-N)  (4) 

The  values  of  the  quantities  computed  from  the  published 
data,  with  the  aid  of  these  formula?,  are  given  in  Tables  2,  3  and  4. 
The  directions  of  the  rectangular  components  of  the  observed  currents 
are  found  to  be  from  N  to  S  and  W  to  E. 

10.  To  facilitate  the  inv^estigation  of  the  relations  between 
electric  and  magnetic  effects,  the  signs  adopted  in  this  paper  are 
in  accordance  with  the  following  conventions:  Magnetic  compo- 
nent (X),  along  a  meridian,  being  taken  positive  towards  true 
North,  implies  that  electric  component  (W),  perpendicular  to  X 
(hence,  along  parallel  of  latitude),  shall  be  taken  positive  towards 
true  West;  magnetic  component  (F),  along  a  parallel  of  latitude, 
being  taken  positive  towards  true  East  implies  that  electric  com- 
ponent (N),  perpendicular  to  Y  (hence,  along  a  meridian),  shall 
be  positive  towards  true  North.  Accordingly,  minus  values  of  N 
mean  that  the  meridional  component  of  the  observed  earth-current 
flows  from  north  to  south,  and  a  minus  value  of  W  means  that  the 
latitudinal  component  of  the  observed  earth-current  flows  from  west 
to  east.  The  following  additional  symbols  are  used:  D  for  mag- 
netic declination;  /  for  magnetic  inclination;  H  for  horizontal 
intensity;  Z  for  vertical  intensity  (taken  positive  vertically  down- 
wards), and  F  for  total  intensity.  The  magnetic  components  are 
expressed  in  terms  of  7  =  0.00001  C.  (i.  S.,  and  the  earth-current 
data  in  millivolts  per  kilometer,  designated  by  v/k  =  0.001  V/k 
(volts  per  km.).  Tables  2-5  give  the  electric  and  magnetic  data 
for  the  5  years,  1914-1918. 
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Table  2.— Mean  data  for  the  magnetic  elements  and  for  the  earth  currents  at  the  Ebro 
Observatory  for  the  magnetically-quiet  days,  1914-1918. 


Earth-Current  Data 

Magnetic  Data 

-N 

-W 

R 

A 

D 

I 

H 

X 

-  Y 

Z 

F 

v/k 
204.4 

v/k 
113.8 

v/k 
233.9 

o 

29 , 1  (E  of  S) 

o    / 

12  34. 6W 

o    1 

57  45.6 

23295 

y 
22737 

5073 

36935 

43670 

Table  i.— Monthly  and  annual  values  of  components  of  earth-current  data  at  the 

Ebro  Observatory  for  the  magnetically-calm  days,  1914-1918, 

in  millivolts  per  kilometer. 


—  N,  or  Com 

ponent  N  to  S 

—  W,  or  Component  W  to  E 

Month 

1 

1914 

1915 

1916 

1917 

1918 

Mean 

1914 

1915 

1916 

1917 

1918 

Mean 

v  IV 

v/k 

v/k 

v/k 

v/k 

v/k 

v/k 

v/k 

v/k 

v/k 

v/k 

v/k 

Jan 

Feb 

S97 

7,39 

103 

162 

28 

211 

264 

133 

71 

96 

37 

120 

4QS 

773 

313 

124 

113 

263 

254 

148 

173 

78 

67 

144 

Mar 

s-^s 

311 

274 

234 

117 

292 

264 

161 

146 

121 

69 

152 

Apr 

May 

Tun 

Jul 

Aug 

Sep 

Oct 

4Q1 

356 

293 

283 

203 

325 

252 

179 

151 

140 

104 

165 

4S? 

764 

454 

295 

239 

347 

239 

171 

219 

134 

120 

177 

S^S 

78 

471 

365 

354 

358 

248 

144 

225 

169 

165 

190 

S4q 

799 

313 

443 

406 

402 

269 

137 

152 

204 

188 

190 

4X 

449 

11 

37 

4 

110 

44 

215 

24 

27 

10 

64 

17 

11 

-  2 

-  2 

-  5 

3 

27 

31 

2b 

19 

12 

23 

0 

in? 

-  5 

-  1 

-  4 

18 

32 

80 

25 

26 

16 

36 

Nov ...:... 

5 

196 

-  7 

-  4 

38 

46 

26 

121 

24 

25 

35 

46 

Dec 

137 

62 

16 

37 

136 

78 

84 

55 

32 

41 

81 

59 

Mean.  .  .  . 

316 

220 

186 

164 

136 

204 

167 

131  106 

90 

75 

114 

Magnitude  and  Direction  of  Earth-Electric  Components  at  Ebro. 
11.  From  Table  2  it  is  seen  that  the  average  value  for  1914-1918 
of  (-N)  was  204  {i.  e.,  current  flowed  from  north  to  south),  and 
of  (-W)  114  millivolts  per  km.  {i.  e.,  current  flowed  from  west  to 
east).  Hence,  the  component  of  the  Ebro  earth  currents  towards  true 
South  was  nearly  twice  (1.8  times)  the  component  toivards  true  East. 
The  resultant  horizontal  component,  R,  was  234  millivolts  per  km., 
or  0.2  volt  per  km.  The  average  direction  (A)  of  the  resultant  was 
29°  east  of  trite  south,  or  we  may  say  that  approximately  the  resultant 
horizontal  component,  R,  of  the  earth  currents  circulating  in  the 
Earth's  crust  at  the  Observatorio  del  Ebro,  Tortosa,  Spain,  was  from 
NNW  to  SSE.  It  is  of  interest  to  observe  in  this  connection  that 
the  bearing  at  Ebro  of  the  Magnetic  North  Pole  (assumed  to  be 
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approximately  at  70°  N,  97°  W)  is  24°.  5  west  of  true  north,  whereas, 
the  bearing  of  the  north  end  of  the  Earth's  so-called  magnetic 
axis  is  about  15°  west  of  true  north.     Hence,  the  resultant  hori- 

Table  4. — Monthly  and  annual  values  of  resultant  horizontal  potential-gradient  of 
earth-currents  at  the  Ebro  Observatory  for  the  magnetically-calm  days, 
1914-1918,  in  millivolts  per  kilometer,  and  true  direc- 
tions of  resultant  horizontal  component. 


Month 


Jan. .  .  . 
Feb.... 
Mar.  .  . 

Apr 

May..  . 

Jun 

Jul.... 
Aug. . .  . 
Sep .... 
Oct. .  .  . 
Nov .  .  . 
Dec .  .  . 

Mean 


Resultant  Horizontal 
Component  (R) 


1914 


v/k 

585 

554 

588 

552 

538 

580 

611 

65 

30 

32 

27 
161 


360 


1915 


1916 


v/k 

126 

358 

310 

330 

504 

522 

348 

26 

26 

25 

25 

36 


220 


1917 


v/k 

188 

146 

264 

316 

324 

402 

488 

46 

20 

26 

25 

55 


192 


1918 


v/k 

46 
132 
136 
228 
268 
390 
447 

11 

13 

16 

52 
159 


158 


Mean 


v/k 

244 

300 

330 

365 

390 

412 

445 

129 

24 

46 

72 

99 


238 


True  Direction  (A),  East 
of  South 


1914 


1915 


29, 
28. 
27. 
26. 
ii. 
61. 
24. 
25. 
70, 
38. 
31. 
41. 


1916 


35 
28 
28 
27 
25 
25 
25 
64 
93 
101, 
105, 
64, 


19i: 


30.7 
32.0 
27.4 
26,3 
24,5 
24.8 
24,8 
36.0 
94.8 
92.1 
98.9 
48.4 


1918 


52.9 
30.8 
30.7 


27 
26 

25.0 
24.9 
67.0 
113.0 
102.8 
42.6 
30.8 


Mean  A   (1914-191S)from 
Table  2. 


Mean* 


29.8 
28.7 
27.6 
26.9 
27.0 
28.0 
25.3 
25.3 
82.6 
62.6 
45.2 
37.1 


29.1 


*  The  values  in  this  cohimn  are  not  the  means  oi  those  for  the  separate  years,  but  were  derived 
independently  from  the  mean  values  of  the  rectangular  components  for  1914-1918. 


Table  5. — Monthly  and  annual  values  of  the  magnetic  components  at  the  Ebro  Observatory  for  the 

mag7ietica!ly-quiet  days,  1914-1918. 


X  =  227007  +  tab.  quantity 

-Y  =  49OO7  +  tab. 

quantity 

Z  = 

3690(>y  +  tab.  quantity 

Month 

1 

1    1 

1914 

19151916 

19171918 

Mean 

1914 

1915 

1916 

19171918  Mean 

1 

19141915 

1916jl917 

1918 

Mean 

7 

7   7 

7 

7 

7 

7 

7 

7 

7  1 

7 

1  7 

7 

7 

7   7   7 

7 

Jan 

-  4 

-  8  02 

41 

56 

17.4 

300  279 

209 

136 

81 

201.0 

85 

44 

35  59  -26 

39.4 

Feb 

05 

-  6  24 

43 

60 

25.2 

299  278  214  132, 

74 

199.4 

81 

41 

44 

53  -25,  38.8 

Mar.  ... 

11 

-  9i  36 

58 

57 

30.6 

292  269  196  129 

69 

191.0;  84 

32 

71 

27  -30 

36.8 

Apr 

12 

-  6  56 

57 

57 

35.2 

293  260  198  121 

64 

187. 2|  87 

a 

87 

30  1-23 

42,8 

May. .  .  . 

15 

OSl  66 

65 

73 

45.4 

288  256  190  118 

58 

182.01  89 

40 

90 

17  -17 

43.8 

Jun 

22 

lOj  72 

68 

86 

51.6 

292  257  177  113 

55 

178.81  90 

50 

97 

11  -24 

44.8 

Jul 

26 

09  70 

64 

81 

50.0 

285  257  180  102 

53 

175.4 

96 

68 

102 

20  -15 

54.2 

Aug 

26 

12  65 

53 

69 

45.0 

278  238  180  98 

43 

167.4 

89 

39 

83 

16  -18 

41.8 

Sep 

16 

09  46 

64 

73 

41.6 

271  212  152  102 

34 

154.2 

83 

29  1  52 

14  -23 

31.0 

Oct 

10  06 

39 

59 

71 

37.0 

272  206  139:  92 

30 

147.8 

70 

a  '   40  i-39-341  14,0 

Nov .... 

-1-2 

42 

55 

65 

31.8 

276  211  133'  88 

29 

147.4 

61 

41   38  -29-48  12.6 

Dec 

-4-3 

45 

49 

59 

29.2 

277  208  136|  83, 

22 

|145.2 

53 

40  j  62  ]-13 

-54  17.6 

1 

Mean .  .  . 

11  02 

47 

56 

67 

36.7 

285  2441  175  110 

1    1 

51 

173.0 

81 

41 

67 

14 

-28 

34.8 
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zontal  compoyient  of  the  earth-ciirre^its  at  Ebro  was  approximately 
in  the  direction  from  the  Magnetic  North  Pole  towards  south-southeast. 

12.  Since  the  direction  of  the  N'S'  component  of  the  Ebro 
current-measurements  was  from  25°. 3  west  of  north  to  25°. 3  east 
of  south  (see  Table  1),  it  happens  that  the  published  values  of 
N'S  do  not  differ  very  much  from  our  computed  values  (Table  4) 
of  the  resultant  R,  the  direction  of  which  on  the  average,  for  1914- 
1918,  as  just  stated,  was  from  29.1°  west  of  north  to  29.1°  east  of 
south.  This  also  explains  the  comparatively  small  magnitudes 
of  the  published  values  of  WE'. 

13.  Weinstein's  values  of  the  constant  part  of  the  earth  cur- 
rents observed  at  Berlin  in  telegraph  lines  from  1884-1886  (July), 
given  on  page  15  of  the  publication  cited  in  footnote  2,  have  usually 
been  interpreted  to  imply  that  the  resultant  current  was  on  the 
average  approximately  from  XE  to  S\V.  There  is,  however,  some 
question  as  to  the  precise  interpretation  of  Weinstein's  signs,  and 
it  is  in  fact  possible  to  interpret  them  so  that  the  resultant  current 
would  flow,  as  at  Ebro,  from  the  XW  quadrant  to  the  SE  quadrant. 
Anyhow,  if  the  first  interpretation  as  given  is  correct,  then  the 
resultant  current  for  the  later  period,  beginning  August,  1886, 
was  approximately  from  XXW  to  SSE,  as  at  Ebro.  Weinstein 
himself  does  not  appear  to  attach  much  value  to  his  tabulated 
quantities  for  the  "constant"  currents,  but,  instead,  confines  his 
discussion  almost  exclusively  to  the  diurnal  and  annual  variations 
of  the  observed  earth -currents  and  to  their  relations  with  the 
magnetic  variations.  As  at  Ebro,  the  average  constant  compo- 
nent along  the  geographic  meridian  was,  in  general,  larger  than 
that  along  the  parallel  of  latitude. 

14.  Before  passing  to  the  next  topic,  it  may  be  of  interest  to 
obtain  some  idea  of  the  approximate  earth-current  density  at  Ebro. 
Taking  0.2  volt  per  km.  as  the  average  horizontal  potential-gradient 
of  the  resultant  current,  and  making  use  of  such  data  as  are  readily 
available  regarding  conductivity  of  the  soil,  it  is  found  that  the 
earth-current  density  at  Ebro  may  be  of  the  order  10-^  times  that 
of  the  current  density  of  the  vertical  conduction  current  (3  x  10"^ 
amperes  per  sq.  km.)  of  atmospheric  electricity,  or  about  of  the 
order  of  magnitude  of  some  of  the  current  densities  obtained  for 
the  vertical  electric  currents  resulting  from  line  integrals  of  the 
magnetic  force. ^ 

15.  Looking  over  the  extreme  values  of  the  observed  earth- 

'  Bal'er,  L.  a.:    On  X'ertical  Electric  Currents,  etc.,  Terr.  Mag.,  vol.  25,  p.  156. 
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currents  at  Ebro,  1910-1920,  it  would  appear  that  during  periods 
of  excessive  disturbance  the  magnitude  of  the  horizontal  potential- 
gradient  of  the  resultant  current  may  reach  a  value  of  about 
0.8  volt,  or  more,  per  km. 

Annual  Variation  of  Earth  Currents  at  Ebro. 

16.  From  Tables  3  and  4  it  will  be  noticed  that  in  each  year 
there  is  a  remarkable  change  in  the  tabulated  quantities  between 
the  summer  and  the  fall  months.  Thus  on  the  average  for  the 
5  years  we  have : 

Month  N  W  R  A 

July  -402      -190     -445     25°.3  E  of  S 

September  -3        -23        -24     82  .6 

Change  -399     -167     -421      -57.3 

Table  6  contains  the  preliminary  data  for  the  annual  variation  of 
the  magnetic  and  electric  components  at  Ebro,  as  derived  from 
Tables  3,  4,  and  5,  approximate  allowance  having  been  made  for 
secular  change  of  the  magnetic  components  and  for  the  observed 
progressive  change  in  the  earth-current  components  during  the 
sun-spot  cycle;  also,  for  comparison,  the  Berlin  earth-current 
data  are  given. 

17.  According  to  the  quantities  at  the  bottom  of  Table  6, 
we  find  that  on  the  average  during  the  summer  months  (April  to 
September),  the  magnetic  component  X,  towards  the  North,  is 
increased,  i.  e.,  dX  is  plus,  and  that  the  electric  component  W, 
towards  the  West,  is  decreased  (or  electric  component  towards  the 
East  is  increased),  i.  e.,  dW  is  minus.  In  the  winter  months  (Oc- 
tober to  March)  the  average  dX  is  minus,  whereas  the  average  dW 
is  plus.  If  the  magnetic  variations,  dX,  were  the  result  of  the 
electric  variations,  dW,  then  they  should  be  of  the  same  sign, 
instead  of  opposite  sign  as  is  the  case. 

Turning  next  to  the  average  quantities,  dY  and  dN,  for  summer 
and  winter  months,  it  is  seen  that  these  correspond  in  sign.  If, 
however,  dY  were  the  magnetic  effect  of  the  electric  variation  dN, 
then  a  value  of  about  dN  =  50  millivolts  per  km.  would  produce 
a  magnetic  change,  dY,  of  but  I7.  Since  the  variations,  d\V,  are 
in  geneial  considerably  smaller  tlian  the  dN,  it  is,  accordingly, 
perhaps  not  surprising  that  no  corresponding  effect  is  readily  dis- 
cernible in  the  dX. 
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T.\BLE  6.— Preliminary  mean  values  of  the  annual  variations  of  the  magnetic  compo- 
nents and  of  the  earth  currents  at  the  Ebro  Observatory  for  the 
magnetically-quiet  days,  1914-1918. 
(Mean  values  for  1914-1918:    Magnetic  components,  X  =  22736.77,   Y  = 
-5O73.O7   Z  =  35934.87;  earth-current  components,  in  millivolts  per  kilometer, 
7  Tt^    • '  :  -113.8.    Meaning  of  signs:   +,  numerical  increase  of  Z  and  Z 

and  algebraic  mcrease  of  F,  N,  W,  and  R.  For  the  sake  of  comparison  the  last 
column  has  been  added,  givmg  the  annual  variation  of  the  resultant  current  in 
arbitrary  units,  a,  at  Berlin,  as  based  on  the  Weinstein  data  for  1884-1887.) 


Mag. 
Comp. 

Elec. 
Comp. 

Mag. 
Comp. 

Elec. 
Comp. 

Mag. 
Comp. 

Res.  El.  Comp. 

Month 

Ebro 

Berlin 

dX 

dW 

V   k 

+4 
-22 
-32 
-47 
-60 
-75 
—  77 
+47 
+86 
+  72 
+59 
+45 

dY 

dN 

dZ 

dR 

dR 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

y 
-11.6 
-5.1 
-1.1 

+  2.1 

+  10.9 

+  15.7 

+  12.7 

+6.3 

+  1.5 

-4.5 

-11.1 

-15.0 

7 

-0.3 

-3.8 
-0.4 
-1.6 
-1.5 
-3,. 3 
-4.9 
-1.9 
+6.2 
+7.6 
+3.0 
+0.1 

v/k 

+  13 

-43 

-76 

-112 

-137 

-152 

-199 

+89 

+  193 

+  174 

+  143 

+  108 

y 

-6.6 

-5.1 

-5.1 

+2.9 

+6.0 

+9.0 

+20  4 

+  10.0 

+  1.3 

-13.7 

-13.1 

-6.0 

v/k 

-6 

-62 

-92 

-127 

-152 

-174 

-207 

+  109 

+214 

+  192 

+  166 

+  139 

a 

+  101 
+42 
-40 
-75 
-60 
-61 
-84 
-47 
-5 
+  18 
+88 

+  121 

Mean  (Apr.-Sep.) 
Mean  (Oct. -Mar.) 
Range 

+8.2 
-8.1 
30.7 

-21 

+  21 

163 

-1.2 

+  1.0 

12.5 

-53 

+52 

392 

+8.3 
-8.3 
34.1 

-56 

+56 
421 

-55 

+55 
205 

The  signs  given  the  annual  variation,  dR,  of  the  resultant 
horizontal  potential-gradient  of  the  earth  current,  both  at  Ebro 
and  Berlin,  have  the  following  significance:  A  plus  value  means  a 
decrease  and  a  minus  sign  an  increase  in  the  current  flowing  towards 
the  Southern  Hemisphere.  It  is  seen  from  Table  6  that  for  both 
stations  the  potential  gradient  of  the  current  flowing  towards  the 
Southern  Hemisphere,  on  the  average,  is  increased  in  the  summer 
and  decreased  in  the  winter  months. 

18.  The  Fourier  analysis  (Table  7)  of  the  annual  variations 
given  in  Table  6  likewise  shows  that  excepting  as  to  the  fourth  term, 
there  is  practically  no  correspondence  between  dX  and  dW.  On 
the  other  hand,  the  correspondence  in  phase  for  the  principal 
terms  (first  two)  between  <f  Fand  dN  is  fairly  good,  though  the  ratio 
of  the  respective  amplitudes  cjc^  differ  as  1.1  to  2.9.  If  the  dW 
and  dN  were  the  result  of  variations  in  the  Earth's  magnetism, 
then  they  should  show  some  decided  relationship  to  the  derivatives 
d(dX)/de  and  d{dY)/dd,  respectively,  but  evidently  this  is  not  the 
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case.  We  must  accordingly  conclude  that  the  annual  variations, 
observed  at  the  Ebro  Observatory,  of  the  potential  gradients  of  the 
earth  currents  and  of  the  components  of  the.  Earth's  magnetism,  may 
be  related  to  one  another  as  cause  and  effect  only  to  a  very  minor 
extent:  both  sets  of  variations  may  have  to  be  referred,  more  or  less,  to 
common"^  causes . 
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Fig.  1 — Annual  \ariation  of  Karth- 
Ciirrent  Potential-Gradients  and  of 
Magnetic  Components. 
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19.  Fig.  1  is  a  graphical  representation  of  the  data  in  Table  6. 
The  chief  facts  shown  by  the  various  curves  have  already  been 
stated  in  the  preceding  paragraphs.  It  should  be  noted  that 
Curves  2,  3,  4,  6,  and  7  have  been  plotted  inverted.  The  annual  va- 
riation, dR,  of  Weinstein's  resultant  current  at  Berlin,  given  in  the 
last  column  of  Table  6,  follows  a  somewhat  similar  course  to  the 
annual  variation  dR,  of  the  resultant  current  at  Ebro  (see  curves 
6  and  7),  though  there  are  some  discordances,  to  be  referred  pos- 
sibly to  local  or  disturbing  causes.  From  Curves  2,  4,  and  6,  it  is 
seen  that  the  annual  variation  in  the  Ebro  currents,  as  already 
pointed  out  in  paragraph  16,  is  most  marked  between  July  and 
September;  it  would  be  of  interest  to  know  whether  there  are  any 
local  contributing  causes,  such  as  meteorological  ones,  for  example. 

Table  7. — Fourier  analysis  of  annual  variation  of  magnetic  and  electric  components 
at  the  Ebro  Observatory  for  the  magnetically-calm  days,  1914-1918. 

[Annual  variation,  dX,  dW,  etc.   =  Ci  sin  {6  -\-  0i)  +  a  sin  (2  ^  +  02)    .    .    ■    .; 
0  is  counted  from  midnight  of  Dec.  31,  at  rate  of  30°  per  average  month.] 


Mag. 
Comp. 

Elec. 
Comp. 

Mag. 
Comp. 

Elec. 
Comp. 

Mag. 
Comp. 

Res.  E 

.  Comp. 

Quantity 

Ebro 

Berlin 

dX 

dW 

dY 

dN 

dZ 

dR 

dR 

y 

v/k 

7 

v/k 

7 

v/k 

v/k 

Ci 

13.4 

72.8 

3.7 

169 

11.9 

192 

94 

C2 

0.4 

26.6 

3.2 

59 

5.7 

63 

27 

C3 

2.1 

17.8 

1.3 

38 

2.8 

42 

12 

C4 

0.4 

12.1 

1.0 

31 

0.8 

37 

10 

c/c, 

36.1 

2.7 

1.1 

2.9 

2.1 

3.0 

3.5 

0 

0 

0 

0 

0 

0 

0 

01 

279 

148 

152 

146 

278 

148 

107 

</>•• 

48 

277 

.     245 

269 

52 

266 

107 

<Pi 

317 

87 

15 

73 

140 

86 

45 

04 

208 

210 

105 

204 

45 

204 

217 

Diurnal  Variation  of  the  Magnetic  and  Electric  Components. 

20.  Table  8  contains  the  diurnal-variation  data  for  the  mag- 
netic components  (X,  Y,  Z)  and  for  the  electric  quantities  (N,  W, 
R,  A),  as  derived  from  the  Ebro  magnetic  observations  and  earth- 
current  measurements  with  the  aid  of  the  formulae  given  in  para- 
graph 9,  all  for  the  magnetically-calm  days  (5  per  month), 
1914-1918.  The  data  were  obtained  for  the  4  winter  months 
(Group  I),  November-February;  (Group  II),  for  the  spring  and 
autumn    months,    March,    April,    September,    and    October;    and 
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Table  8. — Mean  diurnal  variations  for  the  year  of  the  magnetic  and  electric  components  at  the  Ebro 
Observatory  for  the  magnetically-calm  days,  1914-1918. 

[Meaning  of  signs:  +,  numerical  increase  of  X  and  Z,  and  algebraic  increase  of  Y,  W,  N,  and  R, 
since  the  values  of  the  latter  quantities,  according  to  paragraph  10  and  Tables  2,  3,  and  4,  are  all 
negative.     A  —  sign  of  AA  means  a  change  in  azimuth  of  resultant,  R,  from  South  towards  East. 


Mag. 

El. 

Mag. 

El. 

Mag. 

El.  Resul. 

Mag. 

El. 

Mag. 

El. 

Mag. 

El.  Resul. 

AX 

AW 

AY 

AN 

AZ 

AR 

A^ 

AX 

AW 

AY 

AN 

AZ 

AR 

AA 

h 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

7 
+0,2 
+0.3 
+0.3 
+  1.4 
+2.4 
+2.8 
+  1.7 
-1.1 
-4.9 
-6.9 
-5.8 
-3.5 

v/k 
-1.0 
-0,7 
-0,4 
+0,8 
+  1.7 
+  1.7 
+  1,3 
+0,4 
-3,4 
-6.5 
-6,8 
-5,1 

7 

+4.3 

+4.2 

+4.2 

+  5.2 

+  7.9 

+  12.1 

+  17.0 

+  21.8 

+20.6 

+9.1 

-8.0 

-22,2 

v/k 

-1.8 

-1.1 

-0.3 

+2.4 

+4.5 

+4.7 

+3.9 

+  1.5 

-8.0 

-16.6 

-18.2 

-14.2 

7 

+3.9 

+3.9 

+3.9 

+4.4 

+5.1 

+5.3 

+4.8 

+  2.8 

-3.0 

-10.3 

-15.1 

-16.0 

v/k 

-2 

-1 

-1 

+3 

+5 

+5 

+4 

+  1 

-9 

-18 

-19 

-15 

-2 
0 

+3 

+  7 

+  11 

+  13 

+  11 

+5 

-8 

-37 

-44 

-38 

b 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

7 

-2.3 
-3.3 
-3.9 
-3.0 
-1.1 
+  1.4 
+3,4 
+4,5 
+4.6 
+4.7 
+4.4 
+3.9 

v/k 
-2.4 
+0.9 
+3.6 

+5.1 
+5.0 
+4.4 
+  2.7 
+  1.4 
+0.1 
-0.6 
-1.2 
-1.2 

7 

-28.6 

-26.1 

-18,5 

-9.9 

-4.0 

-1.0 

-0.1 

+  1.0 

+  1.7 

+  2.5 

+3.1 

+3.6 

v/k 

-7.4 

+  1.5 

+8.3 

+  12,1 

+  11.7 

+  10.3 

+6.4 

+3.9 

+  1.0 

-0.7 

-1.9 

-2.1 

7 
-13.3 

^-8.2 
-2.3 
+2.2 
+4.6 
+5.2 
+4.7 
+4.3 
+3.8 
+3.3 
+3.0 
+2.8 

v/k 

+2 

+9 

+  13 

+  13 

+  11 

+  7 

+4 

+  1 

-2 

-2 

-2 

1 

-26 
-9 

+  16 

+25 

+23 

+20 

+  11 

+  10 

+6 

+3 

+2 

0 

Table  %a.— Values  of  \  Y'  and  of  AD  for  the  Ebro  Observatory.     1914-1918. 
[+  means  motion  of  north  end  of  magnetic  needle  towards  East.] 
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AD 
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AD 
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7 

' 

h 

7 

/ 
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1 

+0.7 

+0,6 

5 

+3.2 

+  1.2 

9 

-6.9 

+  2.8 

13 

-2.2 

-4.2 

17 

+4,1 

-0.6 

21 

+  1.2 

+0.4 

2 

+0,5 

+  0,6 

6 

+5.9 

+  1.8 

10 

-14.4 

+  1.1 

14 

+6.0 

-3,9 

18 

+  1.4 

-0.1 

22 

+0.6 

+0.5 

3 

+0,2 

+  0.6 

/ 

+6.0 

+2.5 

11 

-16,5 

-1.3 

15 

+9.3 

-2.S 

19 

+0.8 

+0.1 

23 

+0.2 

+0.6 

4 

+0,9 

+0.8 

8 

+  1.4 

+3.1 

12 

-11.4 

-3.3 

16 

+  7.7 

-1,5 

20 

+  1.1 

+  0.3 

24 

+0.3 

+0.6 

(droLip  III),  for  the  4  summer  months,  May-August.  Finally,  the 
data  for  the  whole  year,  and  for  the  entire  period  1914-1918,  were 
obtained  and  these  alone  are  given  in  Table  8.  The  significance  of 
the  signs,  as  stated  at  the  top  of  the  table,  is  in  accordance  with 
paragraph  10.  The  geographic  position  of  the  Ebro  Observatory 
is  40°  49'  N,  and  0°  31'  E.  Accordingly,  G.  M.  T.  hours  are  within 
two  minutes  of  the  local  hours. 

Table  9  contains  the  results  of  the  Fourier  analysis  of  the 
diurnal  variations  of  the  magnetic  and  electric  data  given  in  Table  8, 
as  also  of  the  potential  gradient,  P,  of  atmospheric  electricity  at 
Ebro  for  the  mean  of  the  years,  1914-1918.  P'or  the  purpose  of 
comparison,  the  last  two  columns  are  added,  based  upon  Wein- 
stein's  Berlin  data  (1884-1887)  as  given  by  Chree*;  the  quantities 

•  Eniycl.  Brit.,  llth  ed..  vol.  8,  p.  815. 
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Fig.  2. — Diurnal  Variation  of  Horizontal  Magnetic  Com- 
ponents and  of  Earth-Current  Components. 
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apply  to  the  astronomical  directions  and  are  expressed  in  arbitrary 
units,  a. 

21.  Fig.  2  shows  the  curves  based  on  the  data  in  Table  8.  It 
is  seen  that  while  there  is  some  general  agreement  in  Curves  1  and  2 
{AX  and  Al^),  they  cannot  be  related  as  effect  and  cause,  re- 
spectively, as  would  be  the  case,  if  A^  were  simply  the  mag- 
netic effect  of  AW.  Not  only  is  the  principal  minimum  of 
the  two  curves  displaced  about  an  hour  with  reference  to  one  an- 
other, that  for  the  electric  curve  occurring  later,  but  the  curves 
show  a  marked  discordance  for  the  portion  of  the  day  between  14** 
(2  P.  M.)  and  midnight.  The  same  general  facts  are  disclosed  by 
the  curves,  not  given  here,  which  were  drawn  for  the  separate 
Groups  I,  II,  and  III.  Both  the  magnetic  and  the  electric  curves 
show  a  greater  development  during  the  summer  months  (Group  III) 
than  for  the  winter  months  (Group  I). 

22.  Passing  next  to  Curves  3  and  4,  AY  and  AN,  each  shows 
a  much  greater  development  than  was  the  case  for  the  previous 
curves.  While  again  there  is  some  similarity  between  A  Y  and  AN, 
the  principal  maxima  and  minima  of  the  AiV-curve  occur  about 
two  hours  earlier  than  those  for  the  A  F-curve.  Thus  again  no 
direct  relationship  is  indicated  between  the  electric  variation 
(AN)  and  the  magnetic  variation  (AY),  as  cause  and  effect, 
respectively.  If  now  we  compare  the  A  F'-cur\-e  (No.  5)  showing 
the  rate  of  change  per  hour  in  the  west-east  magnetic  component, 
a  striking  similarity  is  found  between  AY'  and  AN.  Curve  5 
was  drawn  by  aid  of  computed  quantities  derived  from  the  Fourier 
coefficients  (see  Tables  8a  and  9).  The  principal  minimum  of  Curves 
4  and  5  occurs  at  the  same  time;  the  principal  maxima  of  the  two 
curves  are  displaced  with  reference  to  one  another  about  one  hour, 
first  in  one  direction,  then  in  the  opposite  direction.  The  general 
conclusion  is  that  the  north-south  earth-current  might  he  the  result  of 
electro -magnetic  induction,  caused  by  the  fluctuation  during  the  day 
of  the  ivest-east  component  of  the  Earth's  magnetism.^ 

As  in  the  case  of  Curves  1  and  2,  the  development  of  Cur\-es  3, 
4,  and  5,  is  greater  for  the  summer  (Group  III)  than  for  the  winter 
months  (Group  I). 

23.  Fig.  3  shows  the  diurnal-variation  curves,  AZ  and  AR. 
A  general  similarity  between  the  magnetic  and  the  electric  curves 
is  again  evident;  however,  the  displacement  of  the  principal  maxima 
and  minima  is  about  two  hours,  those  of  the  electric  curve  (2) 

'Cf.  Steiner,  L.:  On  Earth-Currents  and  Magnetic  Variations;  Terr.  Mag.,  vol.  13,  1908, 
pp.  58-62. 
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Pig.  3. — Diurnal  Variation  of  Vertical  Magnetic  Component  and  of 
Resultant  Earth-Current  Potential-Gradient. 

occurring  earlier  than  those  of  the  magnetic  curve  1.  Thus,  an 
immediate  relationship  between  the  diurnal  variation  of  the  re- 
sultant horizontal  potential-gradient  of  the  earth-current  and  the 
diurnal  variation  of  the  vertical  component  of  the  Earth's  mag- 
netism, as  cause  and  effect,  is  not  disclosed.  The  development  of 
both  AZ  and  /\R  is  greater  in  summer  (Group  III)  than  in  winter 

(Group  I). 

24.  Figs,  4-7  show  the  horizontal-vector  diagrams  for  the  years 
1914  (one  year  after  year  of  minimum  sun-spot  activity)  and  1917 
(the  year  of  maximum  sun-spot  activity).  Figures  4  and  7  represent 
the  AZ  and  AF  magnetic  variations,  whereas  5  and  6  show 
the  AiV  and  A  W  electric  variations.  Both  pairs  of  curves  show  the 
largest  development  during  the  year  of  maximum  sun-spot  ac- 
tivity, the  relative  enlargement  of  diagram-area  for  1917  over  that 
for  1914  being  approximately  the  same  for  the  magnetic  and  the 
electric  curves. 

There  is  a  striking  difference  between  the  magnetic  diagrams 
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(P'igs.  4  and  6)  and  the  electric  diagrams  (Figs.  5  and  7).  While  the 
former  are  somewhat  symmetrical  about  the  true  meridian  (NS- 
line),  the  latter  are  symmetrical  about  a  line  running,  on  the 
average,  from  about  24°  E  of  S  to  about  24°  \V  of  N,  which  is 
approximately  the  direction  towards  the  Magnetic  North  Pole  (see 
paragraph  11).  The  development  of  the  electric  diagrams  at  right 
angles  to  this  direction,  as  is  seen,  is  very  limited.  It  will  be  seen 
that  the  general  direction  in  which  both  the  magnetic  and  the 
electric  \ector-diagrams  are  described  is  for  the  greater  part  the 
same  as  that  of  the  hands  of  a  clock. 

Fig.  8  exhibiting  the  diurnal  changes  in  the  magnetic  declina- 
tion and  in  the  direction  of  the  resultant  horizontal  earth-current 
once  more  emphasizes  some  of  the  difficulties  of  associating  the 
earth-current  and  the  magnetic  phenomena  as  cause  and  efTect. 
It  will  be  seen  that  the  character  of  the  electric  curve  is  consider- 
ably different  from  that  of  the  magnetic  curve ;  for  the  former  the 
amplitude  of  the  12-hour  wave  is  larger  than  that  of  the  24-hour 
one,  whereas  for  the  latter,  just  the  reverse  is  the  case. 

25.  Fig.  9  shows  that  there  is  as  good  an  agreement  between  the 
results  of  the  earth-current  measurements  at  Ebro  and  Berlin,  as 
could  be  expected,  especially  if  the  difference  in  method  of  measure- 
ment and  local  conditions  be  taken  into  account. 

26.  The  Fourier  analyses  of  the  diurnal  variations,  as  given  in 
Table  9,  once  more  confirm  the  chief  facts  set  forth  in  the  preceding 
paragraphs.  There  is  no  general  agreement  in  the  phase  angles 
and  relative  amplitudes  for  AA'  and  ATI',  nor  for  AT  and  AN, 
nor  for  AZ  and  AR.  There  is,  however,  a  better  agreement  in  the 
phase-angles  and  relative  amplitudes  for  the  A  Y'  (time  derivative 
of  AT)  and  A-V;  but  the  agreements  are  not  sufficienth'  close  to 
enable  one  to  draw  a  final  conclusion  as  to  the  precise  relation  be- 
tween AT'  and  AN. 

27.  Comparing  the  colums  AH' and  AN  for  Ebro  with  the  cor- 
responding ones  for  Berlin,  a  general  agreement  is  evident.  The 
phase-angles  are  practically  in  agreement  for  local  mean  time  at 
each  station;  if  they  are  referred  to  the  same  time  (G.  M.  T.)  the 
agreement  in  some  of  the  phase-angles  is  somewhat  improved,  as 
though  a  portion  of  the  diurnal  variation  of  earth  currents  may 
progress  according  to  universal  time,  rather  than  local  time.  It  is 
unfortunate  for  the  settlement  of  this  extremely  interesting  ques- 
tion  that  sufficiently  extensive  earth-current  data  for  a  station 


(Noon)    /z 


Fig.  6. — Magnetic  Vector-Diagram  of  Diurnal  Variation  of  North  (X)  and  East  (K) 

Components  for  1917  and  the  Ebro  Observatory. 
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Fig.  7. — Earth-Current  Vector- Diagram  of  Diurnal  Variation  of  North  (N) 
and  West  {W)  Components  for  1917  and  the  Ebro  Observatory. 
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Fig.  8. — Diurnal  Variation  of  Magnetic  Declination  and  of  Direction  of 
Resultant  Earth-Current  for  1914-1<M<S  and  the  Ebro  Observatory. 

differing  more  widch'  in  longitude  from  Khro,  than  Berlin,  are  not 
available. 

28.  It  is  also  of  interest  to  compare  the  results  of  the  Fourier 
analysis  of  the  atmospheric-electric  potential-gradient,  AP,  at 
Ebro,  given  in  Table  9,  with  those  for  the  earth-current  diurnal 
variation  (AH^  AiV,  Ai?)  at  the  same  station.  There  is  no 
agreement  in  phase-angles  except  approximately  for  the  fourth 
term. 

29.  The  average  diurnal-variation  qnantity,  or  average  departure 
(A.  D.)  of  any  element  from  its  mean  value  for  the  day,  regardless 
of  sign,  was  computed  for  each  month  of  the  5  years,  1914-1918. 
The  mean  values  of  these  quantities  are  given  in  Table  10  for  the 
magnetic  components  X,  Y,  and  Z,  first  according  to  season,  and 
next  for  each  year.  The  figures  in  column  "Win.",  are  for  the 
4  months  (Nov. -Feb.,  Group  I);  those  in  column  "S  A"  are  for 
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-—Diurnal  Variation  of  Earth-Current  Components  for  the  Ebro 
rvatory,  1914-1918,  and  for  Berlin  (Weinstein  data,  1884-1887). 


Table  9. — Fourier  analysis  of  the  diurnal  variation  of  the  7nagnetic  and  electric 
components  at  Ebro  Observatory  for  the  magnetically-calm  days,  1914-1918. 


Ma^metic  (Ebro) 

Electric  (Ebro) 

Elec.  (Berlin) 

Quantity 

AX 

AF 

AZ 

AF' 

AW 
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AR 
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7 
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Variadons  During  the   Year  and  the  Sun-spot  Cycle. 

Table  10. — Average  departure  of  diurnal-variation  quantities  at  the  Ebro  Observa- 
tory for  the  magnetically-calm  days,  1914-1918. 


For  Season 

For  Year 

Quantity 

Win. 

S.  A. 

Sum. 

1914 

1915 

1916 

1917 

1918 

Mag.  Compo- 
nent  

X 
Y 
Z 

7 

4.1 
6.5 
3.1 

T 

4.2 

12.0 

6.8 

y 

4  5 
13  2 

7.5 

7 

3.6 
7.9 

4.5 

7 

3.8 
9.6 
4.8 

7 

5  1 

10.9 
6.4 

7 

4.9 

11  9 

6.8 

7 

3.9 

10.6 

6.5 

Elec.  Resultant 

R 

v/k 
6.9 

v/k 
8.8 

v/k 
9  7 

v/k 
6.0 

v/k 
8.0 

v/k 
8.4 

V/k 

10  2 

V/k 

9.6 

the  2  Spring  months  and  2  Autumn  months  (Alar.,  Apr.,  Sep., 
Oct.,  Group  II);  and  those  in  coUimn  "Sum."  are  for  the  4  months 
(May-Aug.,  Group  III).  For  the  diurnal  variation  of  the  earth- 
current  potential-gradients,  the  average  departures  were  deduced 
from  the  published  potential-gradient  along  the  N'S'  line  (see 
paragraph  7) ;  the  quantities  so  obtained  may  be  regarded  as  practic- 
ally the  same  as  what  they  would  be  for  the  resultant  horizontal 
potential-gradient,    R,    for    the    reason    stated    in    paragraph    12. 

It  will  be  seen  that  the  average-departure  quantities,  for  both 
terrestrial  magnetism  and  earth  currents,  are  largest  for  the  summer 
and  vary  during  the  sun-spot  cycle,  increasing,  in  general,  with 
increased  sun-spot  activity,  maximum  sun-spot  activity  having  oc- 
curred in  1917. 

30.  Table  11  was  drawn  up  with  the  aid  of  the  published  values 
of  the  extreme  diurnal  range  (difference  between  recorded  maximum 
and  minimum  potential-gradients  during  the  day)  of  the  earth- 
current  measurements  along  the  N'S'  line  (paragraph  7)  for  each 
day  and  for  the  entire  period,  1910-1920.  The  mean  monthly  and 
annual  values  of  these  ranges  are  given,  I,  taking  all  days  into  con- 
sideration, and  II,  taking  only  the  comparatively  undisturbed  days, 
namely,  those  designated  as  of  electric  character  0  and  1 .  Accord- 
ing to  paragraph  12  we  may  regard  the  ranges  for  the  component 
N'S'  as  approximations,  sufficient  for  our  purposes,  to  the  ranges 
for  the  resultant  horizontal  potential-gradient,  R. 

It  will  be  seen  that  the  extreme  diurnal  range  of  the  Ebro  earth- 
current  potential-gradients  reaches  its  highest  values  near  the  equi- 
noctial months,  and  that  it  varies  during  the  sun-spot  cycle,  the  min- 
imum value  occurring  near  the  year  (1913)  of  sun-spot  minimum  and 
the  maximum  near  the  year  (1917)  of  sun-spot  maximum. 
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Table  11. —  Vatialion  in  extreme  diurnal  range  of  resultant  horizontal  potential-gradient 
of  earth  currents  at  the  Ehro  Observatory,  1910-1920,  in  millivolts  per  kilometer. 


Variation  i 

n  Range  During  th 

e  Yea 

r,  191C 

)-1920 

For 

Jan. 

Fel). 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

I.  All  Days... 

II.  Days(n,  1). 

vie 
84 
60 

v/k 
S4 
67 

V    k 
103 

74 

v,k 
96 
75 

v/k 

'87 
67 

v/k 
90 
68 

v/k 
90 
76 

v/k 
100 

78 

v/k 
100 

73 

v/k 
113 

83 

v/k 
96 
67 

v/k 
87 
60 

Variation  in  Range  During  the  Sun-spot  Cycle. 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

Mean 

I.  All  Days.  .  . 
II.  Days(b,  1). 

70 
69 

85 
62 

68 

57 

61 

58 

73 
62 

94 

72 

114 

85 

113 
89 

113 
83 

130 

84 

114 

58 

94 
71 

31.  The  maximum  range  for  Series  I  (All  Days)  occurred  in 
1919,  or  two  years  subsequent  to  the  year  of  sun-spot  maximum, 
whereas  for  the  undisturbed  days  alone  (Series  II),  the  maximum 
range  occurred  in  the  same  year  as  the  sun-spot  maximum.  Series  I 
shows  the  effect  of  disturbances,  as  the  result  of  which  earth  currents 
are  generated  that  die  out'  but  gradually  and  cause  a  lag  in  the  max- 
imum. There  is  a  similar  lag  in  polar-light  frequencies  at  the  time 
of  maximum  sun-spot  activity. 

32.  In  order  to  study  more  closely  the  annual  variation  in  the 

Table  12. — Annual  variation  of  diutnal  range  of  earth-ciirrents  and  of  atmospheric- 
electric  potential-gradients  at  Ebro,  1910-1920,  compared  ivith  annual 
variation  of  Aurora-Borealis  frequency  and  of  terrestrial 

maiiiietic  disturbances. 


Month 

Ebro  E.  C.  (R) 
Days 

Ebro  A.  E. 
Davs 

o,'i 

Aur. 
Bor. 

58°-51° 

M.  C. 

1910 

to 

1920 

0,  1 

All 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

v,k 
60 
67 
74 
75 
67 
68 
76 
78 
73 
83 
67 
60 

v/k 

84 

84 

103 

96 

87 

90 

90 

100 

100 

113 

96 

87 

V/m 

HI 

125 

129 

109 

96 

90 

87 

91 
108 
139 
129 
126 

9.4 

11.8 

12  2 

10.0 

2.8 

0.4 

1.2 

5.3 

13.6 

15.0 

10.9 

8.2 

0.61 
0.65 
0  70 
0.62 
0.62 
0.53 
0.55 
0.65 
0.67 
0  72 
0.61 
0.60 

Mean 

Curve 

71 

■      (1) 

94 

(3) 

112 

(2) 

8.4 

(4) 

0.63 

(51 
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range  of  the  earth-current  potential-gradients  and  to  see  how  it 
may  be  related  to  other  geophysical  phenomena,  Table  12  was 
prepared  for  the  construction  of  Fig.  10.  The  data  in  column  4 
are  according  to  Ellis"  for  the  region  58°  N — 51°  N,  and  those  in 
column  5  are  the  mean  magnetic  character  numbers  for  the  11-year 
cycle,  1910-1920,  which  may  serve  as  measures  of  terrestrial 
magnetic  disturbances  in  the  course  of  the  year.  It  will  be  seen 
from  an  inspection  of  Fig.  10  that  all  curves  show  maxima  near  the 
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Fio.  10 — Annual  Variation  of  Diurnal  Range  of  Electric 
and  Magnetic  Phenomena. 

••  A/on.  Scl.  R.  A.  i.,  1904,  p.  229. 
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equinoctial  months  and  minima  near  the  solstitial  months,  and 
what  is  of  especial  interest,  the  principal  maximum  for  each  curve 
occurs  in  October,  thus  exhibiting  a  lag  of  about  a  month  with  respect 
to  the  autumn  equinox.  Thus  earth  currents,  atmospheric  electricity, 
the  Aurora  Borealis  and  the  Earth's  magnetic  disturbances,  all  show 
closely  similar  annual  variations  in  the  ranges  of  their  fluctuations. 
2>3.  It  will  be  of  interest  here  to  recall  that  Tromholt",  who 
investigated  disturbances  in  telegraph  lines  at  four  stations  in 
Norway  during  three  years,  1881-1884,  found  "that  the  periods  of 
the  telegraphic  disturbances  are  identical  with  those  of  the  Aurora 
Borealis,  i.  e.,  that  their  minima  occur  at  the  solstices,  and  their 
maxima  at  the  equinoxes". 

Annual  Changes  During  the  Sun-spot  Cycle. 

34.  Table  13  shows  how  the  potential-gradients  of  earth 
currents  and  of  atmospheric  electricity  change  from  year  to  year 
during  the  11-year  sun-spot  cycle,  1910-1920,  for  the  electrically- 
undisturbed  days  (character  0  and  1).  In  the  first  two  rows  are 
the  available  earth-current  data  as  obtained  from  the  Ebro  bulletins; 
these  apply  to  the  directions  of  measurement,  N'S'  and  WE' 
(see  paragraph  7).  The  directions  and  signs  have  been  reversed  in 
our  table  in  order  to  conform  to  the  conventions  adopted  in  para- 
graph 10.  The  values  of  a  (angle  between  N'S'  and  R,  resultant), 
R,A,N,  and  W,  were  then  computed  with  the  aid  of  Father  Ubach's 
formulae  and  those  given  in  paragraph  9.  For  the  years  where 
values  of  W  were  lacking,  it  was  necessary  to  adopt  mean  values 
of  a  (3°.9)  and  of  A  (29°.2)  obtained  from  the  years  of  complete 
measurements,  1913-1918.  The  quantities  thus  derived  are  shown 
m  parentheses;  they  are  probably  correct  within  2  units  for  the 
reason  stated  in  paragraph  12.  For  1910,  owing  to  various  reasons, 
all  the  results  may  be  so  uncertain,  as  to  necessitate  their  being 
left  out  of  consideration  here.  A  sign  was  also  given  to  R  in 
order  to  indicate  that  the  resultant  current  flows  towards  the 
Southern  Hemisphere. 

The  annual  values  of  the  potential-gradient  of  atmospheric 
electricity  are  complete  for  the  entire  period.  The  bottom  rows 
contain  the  Wolfer  sun-spot  numbers  and  the  Z)-measure  (average 
departures  of  daily  sun-spot  numbers  from  monthlv  me.an)!^  for 
1910-1920. 

"  Tromholt,  S.,  Under  the  rays  of  the  Aurora  Borealis.  vol.'l.  1885,  pp.  276-282. 
"  Bauer.  L.  A..  Terr.  Mag.,  vol.  26.  1921,  p.  47. 
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Table  13. — Annual  changes  during  sun-spot  cycle,  1910-1920,  of  earth-current  potential-gradients, 

in    millivolts    per    kilofneter,    and    of   atmospheric-electric    potential-gradients,    in  volts 

per  meter,  at  the  Ebro  Observatory,  for  the  electrically  undisturbed  days. 


Quantity 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

Remarks 

S'N'  =  N' 
E'\V'=W' 

-136 

-448 

-297 
-   26 
-259 
-148 
-298 

4.5 
29.7 

-357 
-   20 
-316 
-167 
-357 

2.6 
27.9 

-255 
-  25 
-221 
-130 
-256 

5.1 
30.4 

-213 
-  18 
-186 
-106 
-214 

4.3 
29.6 

-187 
-    13 
-164 
-90 
-187 

o 

3.4 

28,7 

-155 

-  12 
-135 

-  75 
-155 

3.8 
29.0 

-289 

-370 

S  N  =  N 
EW  =W 
R 

a 

(-119) 

(-66) 

(-136) 

{-392) 
i-219) 
(-449) 

(-252) 
(-141) 
(-290) 

(-323) 
(-181) 

(-371) 

^  Earth 
1  Current! 

A  (EofS) 

J 

Pot.  G... 

113 

116 

113 

110 

109 

111 

121 

130 

126 

110 

109 

At.  Elec 

S.  N 

S.  D 

18.6 
10.7 

5.7 
5.5 

3.6 
3.9 

1.4 
2.1 

9.6 

7.2 

47.4 
21.2 

57.1 
24.7 

98.8 
29.6 

77.6 
26.0 

63.1 
21.9 

38.7 
17.2 

Solar 
Activity 

35.  It  will  be  seen  from  the  table  that  the  earth-electric  compo- 
nents tend  to  decrease  numerically,  or  increase  algebraically,  with 
increased  sun-spot  activity,  i.  e.,  the  potential- gradients  in  the 
direction  of  the  normal  flow  of  the  earth  currents  at  Ebro,  namely, 
towards  south  and  east,  decrease  as  sun-spot  activity  increases.  The 
lowest  numerical  values  are  reached  in  1918,  or  a  year  subsequent  to 
that  of  sun-spot  maximum.  Once  more,  accordingly,  there  is  evidence 
of  a  lag  in  earth  currents  with  increased  solar  activity  (see  also  para- 
graph 31).  The  conclusion  apparently  resulting  was  expressed  as 
follows  in  my  1921  paper'^: 

"The  Earth's  magnetic  energy  and  average  intensity  of  magnet- 
ization, as  well  as  the  strength  of  the  normal  electric  currents 
circulating  in  the  Earth's  crust,  suffer  a  diminution  during  increased 
solar  activity.  The  electric  currents  induced  in  the  Earth  during 
periods  of  increased  solar  activity  are  in  general  reversed  in  direction 
to  the  normal  currents,  the  strength  of  these  superposed  currents 
increasing  with  increased  solar  activity." 

36.  It  may  be  pointed  out  that  the  two  phenomena  stated  in 
this  conclusion — ^diminished  intensity  of  magnetization  of  the 
Earth  and  diminished  strength  of  the  normal  earth-electric  currents 
— are  not  in  harmony  with  each  other  and,  in  consequence,  cannot 
be  related  as  cause  and  effect.  The  diminished  intensity  of  magneti- 
zation is  caused  chiefly  by  diminution  in  the  north  magnetic  compo- 
nent, X,  and  this,  in  accordance  with  paragraph  10,  would  imply  a 
diminished  electric  current  towards  the  West,  instead  of  towards  the 

'»  Terr.  Mag.,  vol.  26.  1921.  p.  67. 
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East,  as  shown  by  the  quantities  in  Table  13.  If  we  may  place 
full  reliance  on  the  earth-electric  quantities,  it  is  seen  again,  as  in 
paragraphs  18,  21,  and  22,  that  a  causal  relationship  between  certain 
phenontena  of  terrestrial  magnetism  and  earth  currents  cannot  be 
immediately  concluded  to  exist,  except  in  a  minor  degree.  It  would 
seem  rather  that  the  variations  of  both  the  magnetic  and  the  electric 
phenomena  are  the  effects  of  a  common  cause. 

37.  It  is  extremely  unfortunate  for  further  investigation  of 
these  important  indications,  that  no  other  series  of  earth-current 
observations  as  extensive  as  those  at  Ebro,  are  available.  Could 
reliance  be  placed  on  values  given  by  Weinstein  (see  paragraph  13) 
for  the  "constant"  currents  measured  at  Berlin,  1884-1887,  we 
would  have  to  conclude  that  the  numerical  values  decrease  with 
decreased  sun-spot  activity,  the  year  1883  having  been  that  of  sun- 
spot  maximum. 

38.  Passing  next  to  the  potential  gradients  of  atmospheric  electricity, 
it  is  seen  that  a  minimum  value  (109)  in  1914  and  a  maximum  value 
(130)  in  1917  are  clearly  shown,  thus  indicating  increased  potential 
gradient  with  increased  sun-spot  activity.  For  further  evidence  of 
this  indicated  fact,  the  interested  reader  may  be  referred  to  my 
1921  article.^-' 

39.  If  the  phenomena  of  atmospheric  electricity  are,  indeed, 
related  to  solar  activity,  new  points  of  view  as  to  the  origin  and 
maintenance  of  the  Earth's  supposed  electric  charge  are  disclosed, 
as  already  indicated  in  my  previous  papers^^  Accordingly,  a 
Fourier  analysis  has  been  made  of  the  diurnal  variation  (mean  of 
year)  of  the  atmospheric-electric  potential-gradient  at  Ebro  for 
the  whole  11-year  series,  1910-1920.  The  resulting  quantities  will 
be  found  in  Table  14,  which  will  require  no  further  explanation, 
the  formulae  used  being  stated  at  the  head  of  the  table. 

It  will  be  noticed  that  the  analysis  was  extended  to  the  sixth 
term  (4-hour  wave)  inclusive,  as  for  each  year  a  marked  increase 
in  the  amplitude,  c,  of  the  fourth  term  (6-hour  wave)  was  un- 
mistakably shown.  The  minimum  amplitude,  c,.  of  the  24-hour 
wave,  occurred  in  1912  and  the  maximum  in  1917;  the  same  facts 
are  shown  by  the  amplitude  c^  of  the  6-hour  wave,  which  appears 
to  be  of  extreme  interest  (see  paragraph  28,  and  values  of  0^  for 
AF',  Ai?,  and  AP,  Table  9).  The  tentatively  combined  ampli- 
tude, Cr,  also  shows  a  minimum  amplitude  in  1912  (one  year  prior 

'♦  Ter.  Mag.,  vol.  26,  1921,  pp.  63  and  64,  and  Fig.  VII. 

•»  Terr.  Mag.,  vol.  25,  1920,  pp.  156-162,  and  vol.  26,  1921,  pp.  33-42,  and  67-68, 
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to  that  of  sun-spot  minimum)  and  a  maximum  amplitude  in  1917 
(year  of  sun-spot  maximum).  There  can  hardly  he  any  question, 
therefore,  that  the  atmospheric-electric  potential-gradierit  at  Ebro 
is  subject  to  a  diurnal  fluctuation,  the  amplitude  of  which  increases, 
as  in  the  case  of  that  of  earth  currents  and  terrestrial  magnetism,  with 
increased  sun-spot  activity. 

To  find  relations  between  atmospheric-electric  phenomena  and 
solar  activity,  it  is  essential  to  select  a  station  as  free  as  possible 
from  meteorological  disturbing  influences.  Such  a  station  the 
Ebro  observatory  appears  to  be. 

Table  14 — Fourier  Analysis  of  diurnal  variation  of  potential  gradient  (F)  at  Ob- 

servatorio  del  Ebto,  Tortosa,  Spain,  1910-1920,  for  the  electrically- 

uvdislnrhed  days  {character  0,  1). 

AP  =  a,  cos  61  +  bi  sin  61  -h  a.  cos  2  ^  +  b2  sin  2  6*  .    .    .    .    =  ci  sin  {6  -\-<t>i)  -f- 
C2  sin  (2  6*  +  0..)    .    .    .  ;   ^  is  counted  from  ()'',  midnight,  G.  M.  T. 


Cr  = 

l/ci-  +  Co-  -(-  cr  -{-  c{-   +  c.=,'-  4-  Cc- 

Quant. 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

Mean 

V/m 

V/m 

V,m 

\-/m 

V/m 

V/m 

V/m 

V  m 

V,m 

V'm 

V  m 

V/m 

Ci 

17.2 

16.3 

14.6 

18.0 

18.0 

18.7 

16.4 

23  4 

20  8 

17.3 

20.9 

18.2 

C; 

11.7 

17.9 

14.5 

14.7 

14.3 

17. J 

15  7 

16.6 

\5.i 

15.  1 

15.4 

15.3 

Cn 

3.0 

1.6 

1.5 

1.7 

3.5 

4.2 

2  () 

2.2 

3.5 

1.2 

5.6 

2.5 

C; 

7.0 

6.4 

5.2 

5.8 

6.0 

6.4 

7.1 

8.3 

6.2 

5,6 

6.0 

6.4 

Cs 

0,5 

1.0 

1.3 

1.6 

0.7 

1.8 

l.i 

1.8 

2.2 

0.9 

2.4 

1.3 

C6 

2.3 

2.3 

1.3 

.1.8 

1.5 

0.7 

2.1 

1.7 

0.6 

1.2 

0.7 

1.4 

Cr 

22.3 

25.2 

21.4 

24.1 

24.1 

26.7 

24.0 

30  0 

26.9 

0 

23.9 

27.3 

24.8 

o 

o 

4>^ 

196 

202 

208 

213 

212 
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Chief  Conclusions. 
40,  VVitn  the  aid  of  the  highly  valuable  and  promptly  published 
series  of  observations  of  earth  currents,  terrestrial  magnetism,  and 
of  the  atmospheric-electric  elements,  made  at  the  Observatorio  del 
Ebro,  Tortosa,  Spain,  for  a  complete  sun-spot  cycle,  it  has  been 
possible  not  only  to  confirm  and  extend  certain  results  previously 
reached  by  others,  but  also  to  draw  important  new  conclusions. 
The  successive  diicctors  and  members  of  the  scientific  staff  of  the 
Observatorio  del  Ebro  deserve  great  credit  for  making  readily 
accessible  the  results  of  their  comprehensive  and  valuable  observa- 
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tional  \york  in  geophysics  and  astrophysics.  For  the  first  time  it 
has  been  possible  to  make  comparisons  between  the  phenomena 
of  terrestrial  magnetism,  earth  currents,  and  atmospheric  elec- 
tricity, as  observed  at  the  same  station. 

The  author  also  wishes  to  acknowledge  his  indebtedness  to 
members  of  the  computing  staff  of  the  Department  of  Terrestrial 
Magnetism,  especially  to  Messrs.  Duvall,  Ennis,  and  Peters,  and 
to  Miss  Tibbetts;  without  their  effective  cooperation  the  extensive 
computational  work  required  could  not  have  been  so  expeditiously 
accomplished.  To  Mr.  p:nnis  also  must  be  given  credit  for  the 
preparation  of  the  diagrams  appearing  in  this  paper. 

It  is  hoped  that  the  present  investigation,  which  had  to  be 
confined  to  a  discussion  of  the  observational  data  on  magnetically- 
calm,  or  on  electrically-calm  days,  may  be  supplemented  later  by  a 
discussion  of  earth-current  data  on  disturbed  days. 

The  chief  conclusions  may  be  stated  as  follows: 

a.  The  resultant  horizontal  earth-currents,  as  observed  at  the 
Ebro  Observatorv,  flow,  on  the  average  for  the  year,  in  ths  direction 
from  about  29°  west  of  North  to  29°  east  of  South,  or,  approximately, 
in  the  direction  from  the  Magnetic  North  Pole  towards  south- 
southeast  (paragraph  11).  The  average  value,  for  the  magnetically- 
calm  days  during  1914-1918,  of  the  potential  gradient  of  the 
com.ponent  of  the  current  flowing  from  true  North  to  South  was 
0.20  \olt  per  kilom.eter,  and  that  of  the  component  towards  geo- 
graphic East  was  0.11  volt  per  kilometer,  or  about  one-half  of  the 
north-south  component.  The  resultant  horizontal  potential- 
gradient  was  0.23  volt  per  kilom.eter,  which  during  electric  or 
magnetic  storms  may  reach  a  \-alue  0.8  to  1.0  volt  per  kilometer 
(paragraphs  10,  11,  and  15). 

^.'^The  annual  variations  of  the  earth-current  potential- 
gradients  and  of  the  components  of  the  Earth's  magnetism,  as 
observed  at  the  Ebro  Observatory,  m.ay  be  related  to  one  another 
as  cause  and  effect  only  to  a  very  minor  extent;  both  sets  of  varia- 
tions may  have  to  be  referred,  more  or  less,  to  common  causes. 
(Paragraph  18).  The  range  of  the  annua!  variation  of  the  north- 
south  electric  component  is  about  2.5  times  that  of  the  west-east 
component.     (Table  6;  Fig.  1.) 

c.  The  diurnal  variation  of  earth  currents  as  observed  at  the 
Ebro  Observatorv  along  lines  somewhat  over  one  kilometer  long 
is  remarkablv  similar  to  that  observed  at  Berlin  along  telegraph 
lines,  120  and  262  kilometers  in  length,  from  188-4-1887  (Tables  8 
and  9,  and  paragraph  25;  Fig.  9).  In  both  cases  the  diurnal  varia- 
tions for  the  component  of  the  current  along  the  meridian  is  con- 
siderably more  pronounced  (2-3  times)  than  that  along  the  parallel 
of  latitude.     The  diurnal  variation  in  the  north  component  of  the 
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Earth's  magnetism  is  not  such  as  to  correspond  to  the  direct  mag- 
netic effect  of  the  diurnal  variation  of  the  west-east  component  of 
the  earth  currents.  A  similar  conclusion  had  to  be  reached  with 
regard  to  the  east  component  of  the  Earth's  magnetism  and  the 
north-south  component  of  the  earth  currents.  The  general  conclu- 
sion was  that  the  north-south  earth-current  might  be  the  result  of 
electro-magnetic  induction,  caused  by  the  fluctuation  during  the 
day  of  the  west-east  component  of  the  Earth's  magnetism  (Para- 
graph 22;  Figs.  2  and  3).  If  it  be  recalled  that  all  analyses  of  the 
diurnal  variation  field  of  the  Earth's  magnetism  have  shown  that 
the  magnetic  diurnal  variation  is  in  part  to  be  ascribed  to  electric 
currents  circulating  in  the  regions  overhead  and  in  part  to  currents 
circulating  within  the  Earth's  crust,  exact  agreements  between  mag- 
netic variations  and  earth-current  variations  are  not  to  be  expected. 
It  further  remains  to  point  out  that  until  we  have  some  knowledge 
of  the  actual  course  or  distribution  of  the  earth  currents  in  the 
Earth's  crust  and  as  to  how  the  conductivity  of  the  crust  may  vary 
with  temperature  and  other  meteorological  causes  during  the  day 
and  at  the  actual  place  of  observation,  attempts  to  find  a  quantita- 
tive relationship  between  terrestrial-magnetic  and  earth-electric 
effects  m.ay  be  futile. 

d.  The  horizontal  vector-diagrams  both  for  the  magnetic  and 
earth-electric  components  vary  during  the  sun-spot  cycle  in  about 
the  same  proportion.  The  earth-current  vector-diagram  is  sym- 
metrical about  a  line  approximately  in  the  direction  of  the  Mag- 
netic North  Pole.     (See  Paragraph  24;  Figs.  5  and  7.) 

e.  The  extreme  diurnal  range  of  the  Ebro  earth  currents  reaches 
its  highest  values  near  the  equinoctial  months,  and  lowest  near  the 
solstitial  months.  Earth  currents,  atmospheric  electricity,  the 
Aurora  Borealis,  and  the  Earth's  magnetic  disturbances,  all  show 
similar  annual  variations  in  the  ranges  of  their  fluctuations  (Para- 
graphs 30-33;  Fig.  10). 

/.  The  potential  gradients  of  earth  currents  and  of  atmospheric 
electricity  apparently  vary  during  the  sun-spot  cycle,  the  former 
decreasing  in  the  direction  of  normal  flow  of  current,  and  the  latter 
increasing  with  increased  sun-spot  activity  (Paragraphs  35  and  39). 
The  diurnal  ranges  of  the  potential  gradients  of  earth  currents,  as 
well  as  of  atmospheric  electricity,  just  as  is  the  case  for  the  diurnal 
variation  of  terrestrial  magnetism,  increase  with  increased  sun-spot 
activity  (Paragraphs  30  and  39). 

g.  There  is  evidence  of  a  similar  six-hour  wave  in  atmospheric 
electricity,  earth  currents  and  terrestrial  magnetism  (Paragraph  39). 

Department  of  Terrestri.\l  M.^gnetism, 
Carnegie  Institution  ok  Washington. 


NOTE  ON  A  SIMPLE  MEASURE  OF  THE  EARTH'S  DAILY 
MAGNETIC  ACTIVITY. 

By  Louis  A.  Bauer. 

In  a  timely  paper^  for  the  Rome  meeting  of  the  International 
Section  of  Terrestrial  Magnetism  and  Electricity,  Dr.  G.  van  Dijk, 
of  the  De  Bilt  Observatory,  makes  a  very  desirable  comparison, 
chiefly  for  the  year  1915,  of  measures  of  terrestrial  magnetic 
activity  proposed  by  various  investigators.  For  the  various 
measures,  designated  below,  the  following  symbols  are  used  here: 
D,  magnetic  declination;  H,  horizontal  intensity;  Z,  vertical 
intensity;  R,  absolute  diurnal  range,  or  difference  between  extreme 
daily  values  of  element  considered;  and  A,  diurnal  range  of  hourly 
values  (mean  value  over  60-minute  inter\'al). 


Quantity 

Proposer  and  Institution 

Designa- 
tion 

h             d             d 

Bidlingmaier,  Wilhelmshaven  Ob- 
servatory 

Bi. 

^^S(R^+r'^j+R^)  =  2R' 

Chrec,  Kew  Observatory 

Ch. 

2(A^  +  A^  +  A^)  =  Z  A 

Schmidt,  Potsdam  Observatory 

Sh. 

S(R^  +  R^  +  R,)  =  ^  R 

van  Dijk,  De  Bilt  Observatory 

Di. 

c.HR^ 

Bauer,  Department  of  Terrestrial 
Magnetism 

Ba. 

S(Mag.  Char.  Nos.)  =  S  C 

Magnetic  Commission,  Internationa! 
Meteorological  Committee 

Me. 

If  at  any  observatory  the  diurnal  ranges  of  D  and  H  are  not 
available,  then  those  of  the  rectangular  components  X  and  Y  are 
to  be  used.  In  the  second,  third,  and  fourth  measures  the  D-range 
is  to  be  expressed  in  gammas,  namely,  H  Rd- 

Every  one  must  feel  indebted  to  Dr.  van  Dijk  for  having  pub- 
lished the  values  of  the  above  measures  for  each  day  of  1915,  for 
the  De  Bilt  Observatory,  thus  facilitating  a  fair  comparison. 
Table  1  gives  the  mean  monthly  values  as  derived  from  van  Dijk's 
tables,  in  which  any  unessential  decimals  have  been  omitted  and  the 
following  additional  columns  have  been  added:  SN,  final  sun-spot 
numbers  according  to  Wolfer;  SD,  sun-spot  departures  or  D-meas- 
ures^  of  solar  activity  based  on  SN  ;  and  SP,  mean  daily  prominence- 

>  Activity  of  the  Earth's  magnetism  and  magnetic  characterization  of  days,  Ned.  Med.  Insl.. 
No.  102,  Utrecht.  1922. 

2  Bauer,  L.  A.,  Terr.  Mag.  vol.  26,  p.  47. 
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areas  observed  at  Kodaikanal,  India,  according  to  manuscript  values 
courteously  supplied  by  Evershed,  October  19,  1921. 

Fig.  1  shows  the  9  curves  based  upon  the  data  in  Table  1.  An 
inspection  immediately  shows  a  pronounced  crest  in  June  for  all 
magnetic  measures  (Curves  2-6),  excepting  for  the  character 
numbers  (Curve  9).  This  June  crest  in  the  magnetic  curves  occurs 
one  month  earlier  than  the  crest  in  the  sun-spot  curve  (No.  1) ; 
it,  however,  occurs  in  the  same  month  (June)  as  does  the  crest  in 
the  P-measure  of  solar  activity  (Curve  7).'^  For  Curve  3  (Ch- 
measure)  the  peak  is  most  pronounced  because  of  the  method  of 
computation  in  which  the  squares  of  the  ranges  of  the  diurnal 
variation  are  used.  It  may  thus  happen  for  this  m.easure,  that,  as 
in  the  case  of  the  Bi-measure,  a  few  days  of  large  disturbance,  or 

Table  1.     Monthly  mean  measures  of  daily  magnetic  activity  based  on  the  De  Bilt 
magnetic  observations  for  1915 


Month 

S.X. 

Hi 

Ch 

Sh 

Di 

Ba 

S.D. 

S.P. 

Me 

Jan 

Feb 

Mar 

Apr 

May 

Tun 

23.0 
42.3 
38.8 
41.3 
33.0 
68.8 
71  6 
69.6 
40   i 
53  5 
42.5 
34.5 

8.1 
13.6 
24.6 
26.8 
23.1 
53.8 
31.4 
32.4 
29.8 
38.4 
32.6 
14.5 

66 
97 
163 
156 
124 
361 
148 
158 
190 
288 
299 
121 

73 
97 
141 
143 
134 
173 
158 
160 
149 
159 
140 
83 

110 
142 
190 
189 
171 
224 
190 
205 
203 
233 
224 
132 

7  .9 
9.0 
13.1 
12.1 
11.4 
16  1 
13.0 
13.7 
13.1 
14.6 
16  1 
9.4 

8.3 
23.1 
18.4 
20.4 
26.4 
49  0 
28.1 
21.8 
16.9 
19.8 
11.1 
10.5 

•  4.4 
3.9 
7.1 
6.1 
5.6 
3.8 
3.6 
6.0 
4.8 
6.7 
4.4 
5.2 

18.6 
22.5 
23.8 
21.4 
20.5 
21.4 

Jul 

Aue 

16.5 
21.1 

Sep 

20.6 

Oct 

Nov 

Dec 

27.0 
28.9 
18.9 

Mean 

47.4 

27.4 

181 

134 

184 

12.5 

21.2 

5.3 

21.8 

Curve 

(1) 

(2) 

i^) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

even  but  one  day,  may  practically  control  the  value  of  the  measure 
for  the  entire  month.  Take,  for  example,  June  17,  1915,  when  a 
very  severe  magnetic  disturbance  occurred.  According  to  van 
Dijk's  figures,  the  various  measures  contribute  the  following 
percentages  to  their  respective  monthly  means:  Bi,  44;  Ch,  62; 
Sh,  15;  Di,  20;  Ba,  21.  It  is  thus  seen  that  "Ch"  was  affected  most 
by  one-day's  severe  disturbance,  and  "Sh"  least,  which  is  no  doubt 
chiefly  due  to  the  fact  that  in  the  computation  extreme  ranges 
were  not  used,  as  in  the  case  of  "Di"  and  "Ba",  but  synoothcd  ranges, 
i.  e.,  ranges  from  the  hourly  60-minute  means. 

The  measures  "Bi"  and  "Ch"  may  also  suffer  from  the  fact  that 
they  depend  on  quadratic  formulae;  hence,  in  order  to  get  their 
mean  values  for  a  month,  it  is  necessary  to  compute  the  measures 
for  each  day.  For  the  linear  measures,  "Sh",  "Di",  and  "Ba",  the 
mean  monthly  measure  may  be  derived  directly  from  the  difTerence 
between    the    monthly    mean    maximum    and    minimum    values, 

•  See  my  previous  article  Terr.  Mag.,  vol.  26,  1921,  Fig.  \',  and  explanation,  p.  62. 
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Fig.  1. — Monthly  Measures  of  the  Earth's  Daily  Magnetic  Activity  for 
1915  and  the  DeBilt  Observatory. 
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and  it  is,  therefore,  not  necessary  to  compute  the  values  for  each 
day,  unless  they  are  required  for  some  other  purpose. 

All  the  magnetic  curves  (Nos.  2-6)  of  Fig.  1  show  also  a  pro- 
nounced peak,  either  in  October  or  November,  for  which  no  exact 
counterpart,  except  to  a  limited  extent,  is  found  in  the  sun-spot  curve 
(1)  and  in  the  r)-measure  (Curve  7).  However,  the  solar-prominence 
curve  (8)  shows  a  peak  in  October  and  the  magnetic  character 
numbers,  Curve  9,  a  peak  in  November;  otherwise  Curve  9  is  the 
most  disappointing  one  of  the  magnetic  m.easures,  as  far  as  relation 
with  solar  activity  is  concerned.  It  would  appear  as  though  this 
autumn  maximum  in  the  magnetic  measures  is  a  striking  illustra- 
tion of  an  over-developed  custom.ary  disturbance  maximum  near 
the  equinoctial  m.onths  (see  also  Fig.  10  on  page  24  of  the  present 
issue  of  this  Journal).  We  have  here  a  class  of  magnetic  dis- 
turbances, which  cannot  be  related  immediately  to  sun-spot 
activity  as  observed  on  the  disc  of  the  Sun  turned  at  the  time 
towards  the  Earth.  This  class  must  apparently  be  referred  to 
eruptiv^e  m.atter  from,  solar-prominences  and  to  coronal  matter 
through  which  the  Earth  passes  in  its  revolution  around  the  Sun; 
such  cases  will  be  treated  at  greater  length  in  a  future  paper. 

A  further  discussion  of  some  of  the  interesting  points  raised  by 
van  Dijk  will  have  to  be  postponed  at  present.  It  must  suffice  here 
to  rem.ark  that  some  of  the  computations  made  for  combined 
measures,  as  given,  for  example,  by  van  Dijk  in  his  Table  5,  page  17, 
I  have  not  advocated  for  reasons  in  part  stated  in  paragraphs  23 
and  26  of  my  previous  paper*,  and  to  be  more  fully  set  forth  in  the 
later  paper.  When  the  ranges  Rx,  Ry,  Rz,  or  Rh,  and  Rz, 
must  be  used  instead  of  the  variations,  dX,  dV,  dZ,  I  tentatively 
restricted  m.y  actixity  measure  to  e  II  Rh.  There  are  two  obvious 
numerical  errors  in  the  last  column  of  van  Dijk's  Table  5,  page  17, 
namely,  the  quantities  for  August  and  Novem.bcr  should  evidently 
be  23.59  and  16.09,  respectively.  If  these  corrections  are  made,  it 
will  be  found  that  the  figures  derived  from  my  sim.ple  measure  in 
which  only  the  //-range  is  used  and  given  in  the  first  column  of 
van  Dijk's  table,  follow  the  sam.e  course  as  those  from  his  extended 
computations  (corrected  figures  of  last  column),  in  which  the 
ranges  for  the  three  magnetic  components  are  used. 

The  liniitations  of  the  computing  personnel  at  most  of  the 
magnetic  obserxatories  require  that  a  measure  of  magnetic  activity 
be  used,  preferably  of  the  linear  type,  which  can  be  readily  computed 
and  which  will  be  found  to  be  approximately  the  same  at  stations 
in  moderate  magnetic  latitudes  all  o\er  the  Earth.  As  already 
intim.ated,  this  matter  will  be  treated  at  further  length  in  a  future 
communication.  Evidently  the  numbers  used  at  present  to  charac- 
terize the  magnetic  character  of  a  day  require  early  supplementing 
in  som.e  effective  manner. 

Dei'.^rtment  of  Terrestrial  M.vgnetism. 

CVRNEGIE    InsTITITION   OF   W.VSHINC.TON. 

April  4,  1922. 
'  Terr.  Mag.,  vol.  26.  1921.  pp.  57  and  58. 


RESULTS  OF  MAGNETIC  OBSERVATIONS  ON  THE 
"MAUD  EXPEDITION",  1918-1921.i 

By    H.    U.    SVERDRUP2   AND    C.    R.    DUVALL.' 

Introduction  by  Roald  Amundsen. 

In  writing  a  brief  introduction  to  the  present  publication,  I 
wish  to  emphasize  that  the  co-operation  with  the  Departrnent  of 
Terrestrial  Magnetism  of  the  Carnegie  Institution,  of  Washington, 
has  been  of  the  highest  value  to  the  "Maud  Expedition."  In  1918 
the  Department  of  Terrestrial  Magnetism  made  every  possible 
effort  to  secure  for  the  Expedition,  not  only  the  best  and  most 
suitable  instruments,  but  also  additional  equipment  which  might 
facilitate  the  work  under  the  conditions  to  be  encountered.  The 
instruments  themselves  were  successfully  modified  for  use  in  Arctic 
regions,  and  carefully  compared  with  the  standards  of  the  Depart- 
ment. The  results  of  the  repeated  comparisons  in  1921  are  highly 
satisfactory,  because,  according  to  them  the  standards  of  the  in- 
struments have  remained  practically  unchanged,  thus  leaving  no 
doubt  as  to  the  reduction  of  the  field  observations  to  the  Depart- 
ment's adopted  standards. 

It  must  be  regarded  as  very  fortunate  that  the  Department  of 
Terrestrial  Magnetism  found  it  possible  to  carry  out  immediately 
the  computation  and  reduction  of  the  observations  made  during 
the  years  1918-1921,  and  to  publish  them  within  eight  months 
after  the  return  of  the  Expedition,  thus  preventing  them  from 
sharing  the  fate  of  so  many  observations  which  have  not  been 
made  available  until  after  many  years. 

For  the  future  work  of  the  Expedition,  it  has  been  of  great 
advantage  to  have  had  Dr.  H.  U.  Sverdrup  associated  \vith  the 
Department  of  Terrestrial  Magnetism  during  the  past  winter  at 
Washington,  taking  part  in  the  computation  of  the  observations 
and  the  comparison  of  the  instruments,  which  now  again  are  placed 
at  the  disposition  of  the  Expedition.  The  Department  of  Terres- 
trial Magnetism  has  further  increased  the  scientific  equipnient  by 
the  addition  of  specially  designed  apparatus  for  the  determination 
of  the  atmospheric-electric  potential-gradient,  and  has  rendered 
most  valuable  assistance  in  making  it  possible  for  the  Expedition 
to  obtain  instruments  for  its  various  researches. 

I  take  great  pleasure  in  availing  myself  of  this  opportunity  to 
express  my  sincere  thanks  to  the  Director  of  the  Department  of 
Terrestrial  Magnetism,  Dr.  Louis  A.  Bauer,  and  to  the  Assistant 

'  Full  publication  will  be  made  in  \'ol.  V,  Researches  of  the  Department  of  Terrestrial  Mag- 
netism, Publication  175  of  the  Carnegie  Institution  of  Washington. 
» In  Charge  of  the  Scientific  Work  of  the  Expedition. 
'  Expert  Computer,  Department  of  Terrestrial  Magnetism. 
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Director,  Mr.  J.  A.  Fleming,  under  whose  supervision,  Dr.  Bauer  in- 
forms me,  Messrs.  Sverdrup  and  Duvall  have  prepared  the  results 
for  publication. 


^:^^^ 


Washington,  March  31,  1912. 

[The  co-operation  of  the  Department  of  Terrestrial  Magnetism 
with  Amundsen's  Expedition  has  proved  exceedingly  satisfactory 
and  stimulating.  Captain  Amundsen  and  Dr.  Sverdrup,  as  well 
as  other  members  of  the  Expedition,  who  participated  in  the  ob- 
servational work,  deserve  great  credit  for  the  highly  successful 
manner  in  which  their  arduous  duties  under  trying  conditions 
were  carried  out.  We  confidently  look  forward  to  equally  success- 
ful and  valuable  results  from  the  future  expedition,  and  wish  it 
godspeed  and  the  best  of  luck. — Louis  A.  Bauer.] 

INSTRUMENTS  AND   EQUIPMENT. 

As  the  result  of  a  conference  at  Washington  in  April,  1918, 
between  Captain  Roald  Amundsen,  Dr.  Fridtjof  Nansen,  and 
Dr.  Louis  A.  Bauer,  certain  minor  modifications  were  decided 
upon  in  the  instruments  to  be  supplied  by  the  Department  of 
Terrestrial  Magnetism  for  the  magnetic  obser\'ations  to  be  under- 
taken, in  co-operation  with  the  Department,  on  Captain  Amund- 
sen's proposed  "Maud  Expedition"  to  the  Arctic  regions.  These 
modifications,  none  of  which  altered  the  intrinsic  design  of  the 
instruments,  were  based  upon  the  considerations  resulting  par- 
ticularly from  the  Arctic  experiences  of  Dr.  Nansen,  Captain 
Amundsen,  and  Mr.  Peters  of  the  Department.  C.  L  W.  magneto- 
meter. No.  8,  and  Dover  dip-circle,  No.  205,  were  selected  as 
instruments  most  nearly  answering  the  requirements  specified  by 
Captain  Amundsen.^  The  reciuired  modifications  of  instruments 
were  made  under  the  direction  of  Mr.  Fleming  in  the  instrument- 
shop  of  the  Department. 

The  accessory  equipment  supplied  1)\-  the  Department  of 
Terrestrial  Magnetism  for  the  magnetic  work  included:  3  tripods; 
one  for  magnetometer  8,  one  for  dip  circle  205,  and  the  third  for 
use  in  connection  with  astronomical  observations;  3  magnetic 
observing  tents,  containing  no  iron  fastenings  of  any  kind;  3  good 

•  Cf.  Vol.  IV,  Researches  of  Department  of  Terrestrial  Masnetism,  1921,  p.  8,  and  PI.  2  show- 
ing the  instruments. 
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watches;  miscellaneous  tools,  materials,  etc.;  accessories  of  various 
kinds;  forms  for  recording  magnetic  observations  of  various  kinds, 
together  with  some  forms  for  astronomical  observations  and 
miscellaneous  purposes;  miscellaneous  scientific  books;  complete 
instructions  for  observations  with  the  different  instruments  and 
special  instructions  for  magnetic  work  in  the  Arctic. 

In  addition  to  the  instruments  loaned  by  the  Department  of 
Terrestrial  Magnstism,  the  Expedition  had  also  Dover  land  dip- 
circle.  No.  154,  with  one  pair  of  dip  needles  (Nos.  1  and  2),  and  a 
photographic  registering  declinometer,  made  by  Max  Toepfer  and 
Son,  Potsdam.  Registering  magnetic  instruments  were  generally 
not  included  in  the  equipment  of  the  Expedition,  because  in  the 
drifting  ice  it  would  not  be  possible  to  use  them  on  account  of  the 
perpetual  movements  of  the  ice,  but  this  declinometer,  which  was 
the  property  of  the  Expedition,  was  taken  along  in  the  expectation 
that  it  m.ight  be  used  at  occasional  shore  stations,  e.  g.,  at  winter 
quarters  (see  page  38). 

For  astronomical  work  the  Expedition  had  3  sextants,  5  the- 
odolites of  different  sizes,  3  chronometers,  and  15  watches  (in- 
clusive of  3  supplied  by  the  Department  of  Terrestrial  Magnetism). 

METHODS  OF  OBSERVING. 

The  magnetic  observations  were  made  in  accordance  with  the 
instructions  supplied  by  the  Department  of  Terrestrial  Magnetism. 
The  methods  used  are  giv^en  in  detail  in  Volumes  I,  II,  and  IV  of 
the  Researches  of  the  Department  (see  particularly  pp.  13-41,  and 
specimen  observations.  Vol.  I).  The  experiences  encountered  by 
the  observers  of  the  Expedition  while  making  magnetic  observations 
in  the  Arctic  do  not  differ  essentially  from  those  of  observers  on 
former  expeditions;  however,  they  will  be  found  in  the  fuller 
publication. 

Observatory  Work. — At  the  end  of  September,  1918,  a  magnetic 
observatory  was  built  on  shore  at  winter  quarters  (Station  No.  4). 
It  was  built  of  drift-wood  logs  and  planks,  with  wooden  or  copper 
nails,  and  was,  therefore,  perfectly  non-magnetic.  To  keep  the 
temperature  as  high  as  possible,  the  inside  was  lined  with  canvas, 
and  snow  was  thrown  over  the  house.  Because  of  the  insulating 
power  of  the  snow,  the  temperature  in  the  observatory  only  ac- 
casionally  sank  below  — 25°  C,  while  outdoors  it  might  be  as  cold 
as  about  — 40°  for  weeks  at  a  time.  The  dimensions  of  the  observa- 
tory were  3  by  4  meters,  and  the  height,  to  the  ridge-pole,  2.8 
meters.     In  the  room  two  wooden  piers  were  placed  at  a  distance 
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apart  of  1.8  meters.  They  were  driven  as  far  down  in  the  ground 
as  the  frost  permitted,  and  had  no  connection  with  the  floor.  The 
magnetometer  was  placed  on  the  front  pier,  and  the  dip  circle  on 
the  back  pier.  During  observations,  all  magnets  not  in  use  were 
placed  on  a  snow  pillar  10  meters  in  front  of  the  house.  Both 
instruments  were  permanently  installed  by  the  end  of  November. 

During  the  winter,  the  observatory  was  lighted  by  a  gaslight 
lamp  of  the  "Lux"  pattern,  which  also  develops  considerable  heat, 
all  iron  parts  of  the  lamp  having  been  removed,  and  replaced  with 
parts  of  copper  or  brass.  The  vernier  readings  were  made  by  means 
of  small  electric  lamps,  the  current  being  supplied  by  a  dry  cell 
battery  which  had  to  be  taken  on  board  after  each  observation  in 
order  not  to  get  too  cold.  The  same  battery  was  also  used  for 
illuminating  the  mark  for  declination  observations,  which  was 
used  in  the  dark  season.  This  mark  was  simply  a  small  electric 
lamp  which  was  fastened  on  top  of  a  stick  in  front  of  the  observa- 
tory, and  could  be  lighted  from  the  inside  of  the  observatory. 
During  the  period  of  daylight,  a  pole  placed  in  a  cairn  at  about 
600  meters  distance  was  used  as  a  mark. 

The  observatory  house  was  torn  down  on  April  1,  1919,  and  a 
square  tent,  2  by  2  meters,  made  of  light  canvas,  was  placed  on  the 
wooden  floor;  thus  no  artificial  illumination  was  needed.  At  this 
season  the  tent  had  the  advantage  of  being  much  warmer  than  the 
house.  Even  on  a  wholly  overcast  day  the  temperature  inside 
the  tent  might  be  10°  C  higher  than  outside,  while  on  a  clear  day 
with  sunshine  the  temperature  might  be  2S°  C  higher. 

Some  trouble  was  anticipated  in  the  behavior  of  the  watches 
at  low  temperatures.  It  was  found  that  some  of  the  watches, 
perhaps  on  account  of  the  ciualit\-  of  the  oil  used  in  them,  beha\ed 
very  satisfactorily  despite  the  great  changes  in  temperature. 

That  magnetic  disturbances  often  caused  difliculties  need  hardly 
be  mentioned.  Sometimes  the  disturbances  were  so  \iolent  that  the 
observations  had  to  be  broken  off  because  the  magnet  disappeared 
from  the  field  of  view  lime  after  time. 

During  the  winter  of  1918-1919,  the  photographic  declinometer 
was  mounted  in  a  long,  low  building  attached  to  the  obser\-atory, 
from  which  it  could  be  entered.  The  whole  building  was  buried  in 
snow,  so  the  temperature  did  not  sink  below  —20°  C  in  the  register- 
ing room.  In  spite  of  this,  it  was  not  possible  at  first  to  make  the 
clock  which  dri\es  the  drum  work  properly,  but  this  difficulty  was 
overcome  by  remo\  ing  all  oil  ))>■  means  of  a  benzine  bath  and  then 
applying  a  small  quantity  ot  kerosene  as  lubricant.     The  registra- 
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tions  were  kept  up  from  November  10,  1918,  to  July  31,  1919, 
with  only  occasional  interruptions,  but,  unfortunately,  the  traces, 
together'with  all  meteorological  and  tidal  registrations,  have  been 

lost  (see  page  49). 

Field  Work. — The  general  experience  on  this  Expedition  was 
that  magnetic  f^eld  work  in  the  Arctic  can  only  be  carried  out 
successfully  in  spring  and  summer.  In  the  fall  and  in  the  winter 
much  bad  weather  and  short  daylight  make  it  almost  impossible 
to  take  magnetic  observations  in  the  field,  even  though  it  is  feasible 
to  travel  in  these  seasons. 

The  kinds  of  instruments  which  may  be  used  in  the  field  depend 
upon  the  means  of  transportation.  If  the  observer  travels  with 
reindeer,  an  ordinary  field  equipment,  including  an  observing 
tent,  may  be  taken  along,  so  the  conditions  in  the  favorable  seasons 
will  be  the  same  as  for  ordinary  field  work.  But  for  travel  with 
dog  sledges  the  conditions  are  different  and  ordinarih-  the  weight 
of  equipment  carried  has  to  be  reduced  as  much  as  possible.  The 
most  suitable  instrument  for  carrying  on  a  dog  sledge  is  the  dip 
circle  with  compass  attachm.ent,  but  without  tripod.  ^ 

In  the  spring  of  1919  a  special  program  was  decided  upon  to 
insure  obtaining  approximately  simultaneous  observations  at  field 
stations  and  at  the  winter-quarters  station.  This  scheme  was 
carried  out  for  the  work  in  1919,  but  could  not  be  kept  up  in  the 
two  following  years:  in  1920  all  instruments  were  used  for  field 
work,  and  in  1921  there  was  a  lack  of  observers. 

It  will  be  noted  from  Table  1  that  no  declinations  were  de- 
termined at  most  of  the  field  stations.  This  was  because  Messrs. 
Wisting  and  Hanssen  were  unfamiliar  with  use  of  the  theodolite  for 
determ.ination  of  azimuth.  During  January,  1922,  the  peep- 
sights  of  the  compass  attachment  were  modified  in  the  instrument 
shop  of  the  Department  of  Terrestrial  Magnetism  in  such  a  way 
that  it  will  be  possible  to  sight  the  Sun  directly,  or  to  use  a  shadow- 
method  for  determination  of  azimuth  in  future  work.  If,  in  addi- 
tion, a  sextant  observation  for  local  time  is  made,  the  true  azimuth 
of  the  Sun  may  be  computed,  and  thus  all  necessary  data  for  de- 
termination of  the  declination  will  be  available. 

INSTRUMENTAL   CONSTANTS   AND    REDUCTIONS    TO 
STANDARD    INSTRUMENTS. 

The  instrumental  constants  and  corrections  for  the  various 
magnetic  instruments  depend  chiefly  upon  observations  at  Wash- 
ington, before  and  after  the  field  work,  and,  in  part,  upon  the 
observers'  intercomparisons  in  the  field. 
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The  International  Magnetic  Standards  (designated  I.  M.  S.), 
as  defined  in  Volume  II  of  the  "Researches  of  the  Department  of 
Terrestrial  Magnetism",  pages  211  to  278  (see  also  Volum.e  IV, 
pp.  395-475),  have  been  adopted  for  the  results  given  in  Table  1. 

EXPLANATORY    REMARKS    FOR    TABLE     1. 

Precisely  the  same  conventions  have  been  followed  in  the  pre- 
sentation of  the  field  results  obtained  during  the  four  years  1918 
to  1921,  as  adopted  in  Volumes  I,  II,  and  IV,  of  the  "Researches 
of  the  Department  of  Terrestrial  Magnetism".  These  conventions, 
briefly   recapitulated,   are  as   given   in   the   following   paragraphs: 

It  has  not  been  deemed  advisable  to  attempt  at  present  to  apply 
corrections  to  the  observed  results  on  account  of  the  numerous 
variations  of  the  Earth's  magnetism,  e.  g.,  diurnal  variation, 
secular  variation,  magnetic  perturbations,  etc.  Instead,  it  is 
believed  to  be  better  to  publish  the  observed  results  as  obtained, 
with  no  corrections  applied,  except  the  reductions  to  the  magnetic 
standards  of  the  Department,  as  already  explained.  The  reduction 
to  a  common  epoch  will  be  undertaken  by  the  Department  later. 
It  will  be  noticed,  however,  that  opposite  the  magnetic  elements 
appearing  in  the  table,  the  precise  date  and  local  mean  time  are 
given,  thus  supplying  the  required  information  for  reducing  the 
observed  values  to  some  mean  period.  The  tabular  entries  are  in 
the  order  of  decreasing  north  latitude. 

The  question  whether  to  give  values  of  horizontal  intensity 
exclusively  or  values  of  total  intensity  was  decided  in  favor  of  the 
former. 

The  intensities  are  published  in  C.  G.  S.  units.  The  fourth 
decimal  may  be  frequently  uncertain  by  one  or  more  units.  It 
will  be  noted  that  the  values  are  given  to  the  fifth  decimal,  but  it 
should  be  undei"stood  that  no  claim  is  made  as  to  the  correctness 
of  the  last  figure;  the  last  figure  is  retained  primarily  in  order  that 
when  all  reductions  to  epoch  have  been  applied  on  account  of  the 
magnetic  variations  an  error  of  a  unit  in  the  fourth  decimal,  due 
purely  to  computation,  will  not  enter. 

The  headings  for  the  columns  of  the  table  arc  self-explanatory. 
The  following  abbreviations  have  been  adopted  for  the  months  of 
the  year:  Jan,  Feb,  Mar,  Apr,  May,  Jun,  Jul,  Aug,  Sep,  Oct,  Nov, 
Dec.  For  stations  near  the  meridian  180°  east  of  Greenwich  the 
dates  are  reckoned  from  that  meridian  without  regard  to  the 
International  Date  Line.  Local  mean  times  are  expressed  to  the 
nearest  0.1  of  an  hour  of  each  value,  and  are  given  according  to 
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Table  1. — Results  of  Magnetic  Observations,  1918-1921,  on  the  "Maud  Expedition." 

ASIA. 
Siberia. 


Station 


Latitude 


Long. 
East 
of  Gr. 


Date 


Declination 


L.  M.  T. 


Value 


Inclination 


L.  M.  T. 


Value 


Hor.  Intensity 


L.  M.  T.     Value 


No.  14 

No.  15 

No.  5 

No.  16  (Lock wood  Islands) 

No.  17  (Fram  Island) 

No.  19 

No.  4  Winter  Quarters,  1918-1919 


No.  4b  Winter  Quarters,  1918-1919 
No.  4c  Winter  Quarters.  1018-1919 


No.  20 

No.  6 

No.18 

No.  8 

No.  13 

No.  12 

No.  9 

No.  7 

No.  11 

No.  10 

No.  3  (Port  Dickson) 

No.  32 

No.  33 

No.  31 

No.  21  (kyon  Island),  Winter  Quar- 
ters, 1919-1920 

No.  40  (Ayon  Island) 

No  30 

No.  29 

No.  39 

No.  28 

No.  37 

No.  36  (Panteleika) 

No.  34 

No.  38 

No.  27 


8  09  N 
78  06  N 
77  42  N 
77  35.5  N 
77  33.8  N 
77  33.2  N 
77  32.6  N 


77  32.6  N 
77  32 . G  N 


77  32.1  N 
77  32  N 
77  30.2  N 
77  16  N 
77  05 
76  43 
76  34 
76  32 
76  31 
76  05 
73  30.2  N 
70  03  N 
69  56  N 
69  54   N 


69  52.5  N 


51.2  N 
50  N 
27  N 
00.8  N 
55  N 
36.7  N 
36.1  N 
36     N 

34.3  N 
18     N 


106  05 
106  45 
103  55 
105  29 
105  43 
105  32 
105  40 


105  40 
105  40 


105  45 

102  44 

105  34 

101  45 

106  21 

107  03 

102  4 
101  15 
106  13 
104  11 

80  26 

171  15 

170  35 

173  30 

167  43 


Apr     21. 

Apr     23, 

.\pr4,21, 

Jul      15. 

Jul      17, 

Jul      19. 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

.^us: 

Mar 

Apr 

Apr 

May 

Jul 

Aug 

Jul 

-Apr 

Jul 

Apr 

May 

May 

May  14 

.\pr     14, 

May   20, 

May  16, 

Sep    2  3 

Jun       8, 

Jun     12. 

Jun       6, 


Oct  29,  19 
Nov  19 

Jun  18,  20 
Junl6,17,  20 
Jun  4,  20 
Jun  2,  20 
May  7,  20 
May  31,  20 
Apr  11.12.20 
Apr  1,2.20 
Nov  5, 6, 19 
Apr  28.  20 
May  27,  20 


13.1  (8) 
11.1(2) 
12.9  (.37) 
10.7  (23) 
12  4  (13) 

13.3  (9) 

15.4  (20) 
10.7(23) 
10.9  (16) 
13.7  (271 
13.9  (3) 


26  33.3  E 
26  56  6  E 
26  38.9  E 
26  41.0  E 
26  32.6  E 
26  50.4  E 

26  22.0  E 

27  09.4  E 
26  57.5  E 
26  22.8  E 
26  39  6  E 


17.0  (3) 


28  43      E 


16.0  (4) 


3  26.5  E 


11.5 


2  25.5  E 


12.6(4) 
13.2  (4) 


0  09  4W 

1  16. 7W 


h 
16.9 
15.5 
16.6(2) 
16.4  (2) 
16.0(2) 
11.4(2) 
12.5(4) 

12.4  (9) 
14.2  (26) 
15.5(16) 
15.6  (19) 

12.5  (13) 


85  30.2  N 
85  38.6  N 
85  26.3  N 
32. IN 
32. 6N 
85  ,33.0  N 
85  33.0  N 
85  30.8  N 
85  30.7  N 
85  32.6  N 
85  31.4  N 
85  34.5  N 


10.2  (2) 


1  13. 5E 


12.4  (14) 
15.4  (81 
11.4 

11.3  (2) 

12.4  (8) 
15.7 
15.8(2) 
16.7 
16.4  (2) 
16.0 
10.6 
11.1 
11.4 
16.9 
11.8 
11.4 
19.4 
12.6 

3.0 
3  4 

11.1 
11.5(3) 
12.0(2) 
17.9(2) 

3.9 

4.3 
17.1 

6.3 
13.3 
17.0  (2) 
14.4 
13.6 
15.4 


85  .34.2  N 
85  31.3  N 
85  35.0  N 
85  34.8  N 
85  31.5  N 
85  32.5  N 
85  30.2  N 
85  25.5  N 
85  00.0  N 
85  09.4  N 
85  24.0  N 
85  15.5  N 

84  59.7  N 

85  03.0  N 
85  15.6  N 
85  03.5  N 
.82  37.7  N 
78  20.4  N 
78  23.3  N 
78  IS. ON 

78  20.9  N 
78  21.4  N 
78  21.6  N 
78  19.7  N 
78  07.4  N 
77  56.0  N 
77  36.1  N 
77  30.8  N 
77  32.4  N 
77  48.7  N 
77  33.5  N 
77  32.8  N 
77  06.1  N 


16.6(2) 
16.4  (2) 

16.0  (2) 
11.4(2) 
13.6(11) 
13.3  (12) 
13.0(45) 

14.1  (16) 
15.4(25) 
13.4(9) 
15.6(20) 
10.9(19) 
10.8(16) 
13.7(27) 
16.0  (2) 
12.2(12) 
13.7(2) 


11.3  (2) 

12.4  (8) 
15.7 
15.8(2) 
16.7 
16.4  (2) 
16.0 
10.6 
11.1 

11  .3 
16.9 
11.8 
11.4 
18.6  (3) 
12.7 
3.0 

3  4 

11.1 
11.5(2) 
11.3 
16.1  (41 
3.9 

4  3 
13.7(2) 

6.3 

15.0(2) 
13.3(4) 
12.1(3) 
10.3  (2) 
15.4 


.04588 
04557 
,04556 
.04534 
.04557 
.04.583 
.04575 
.04548 
.04584 
.04543 
.04613 
.04518 
.04518 
.04558 
.04532 
.04523 
.04534 


.04511 
.04562 
.04543 
.04610 
.04673 
.05130 
.04967 
.04712 
.04863 
.05125 
.05072 
.04856 
.05070 
.07503 
.11580 
.11525 
.11585 

.11583 
.11590 
.11551 
.11627 
.11741 
.11895 
.12254 
12277 
.12384 
.  12036 
.12301 
. 12389 
.12631 
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ASIA. 
Siberia — Concluded. 


Station 


Latitude 


Long, 
East 
ofGr. 


Date 


Declination 


L.  M.  T 


Value 


Inclination 


L  M.T. 


Value 


Hor.  Intensity 


L.  M.  T. 


Value 


No  35 

No.  26 

No.  25 

No.  5.3  (Pitlekai) 

No.  24 

No.  41  (Cape  Serdze  Kamen),  Win- 
ter Quarters,  1920-1921 

No.    411)    (Cape    Serdze    Kamen). 
Winter  Quarters,  1920-1921   . . 
No.  41c  (Cape  Serdze  Kamen) ... 
No.  41d  (Cape  Serdze  Kamen) ... 

No.  2.3 

No  51 

No.  22  (Kain-ge-skon) 

No.  42  (Kain-ge-skon) 

No.  50 

No.  49  (Mass-kan) 

No.  43  (Yan-dang-ai) 

No.  52 

No.  48  (.\n-ma-la) 

No.  44  (Jan-da-ken-nut) 

No.  47 

No  45  (Nabba-kotta) 

No  46  (Emma  Harbor) 


o 

o   , 

68  13.6  N 

164  52 

67  49   N 

184  10 

67  15   N 

185  20 

67  06.3  N 

186  29 

67  01   N 

187  45 

66  .53.2  N 

188  21 

66  53.0  N 

188  21 

66  53,0  N 

188  21 

66  53.0  N 

188  21 

66  32   N 

189  00 

66  10  N 

183  50 

66  03  N 

189  50 

66  03   N 

189  50 

65  39  N 

183  06 

65  31.2  N 

181  25 

65  30  N 

188  55 

65  28  N 

185  55 

65  01.4  N 

184  12 

64  54  N 

187  25 

64  50  N 

185  25 

64  34  N 

187  28 

64  24   N 

186  48 

Dec24,31'19 
Jan  20 

Feb  20 

Mar  3  20 
May  25,  20 
May  24,  20 
.\pr  13,  21 
May   22.  20 

Nov  29,  20 
Dee  20 


h 
11.9(3) 
11.6(5) 
12.1  (7) 
11.8(2) 


0  45.2  E 
0  49.0  E 
0  47.8  E 
0  50.3  E 


13.6(2) 


15  03      E 


12.5(3) 

14.8(2) 

15.0 

12.5 

18.3 

13.7 

15.4 


77  09.0  N 
77  10.3  N 
77  09.0  N 
76  40.8  N 
76  16.5  N 
76  26.2  N 
76  12.9  N 


Jan 

.\pr 

.\pr 

May 

Mar 

Mar 

Apr 

Feb 

Mar 

Mar 

Feb 

Mar 

Mar 

Feb 

Feb 

Feb 

Feb 


21 

26,  21 

26,  21 

18,  20 

15,  21 

20 

20 

4.  21 

13,  21 
8,  21 
9    21 

29,  21 
21 

14.  21 
23,  21 
17.  21 
20.  21 


11.8(9) 
15.2  (2) 
15.6(2) 


16  35  E 
16  39.2  E 
16  40     E 


11.8(3) 


12.3  (4) 


76  13.7  N 


'6  15.5  N 


12.3 


13  29     E 


11.0 


17  33     E 


11.6(2) 
10.3 


10  09     E 
15  16     E 


13.8(2) 
10.5(2) 


11  34     E 
16  04     E 


13.9(2) 


14  29     E 


15.8(2) 
16.5 
13.0 
12.9(4) 
13.0(5) 
12.4 
7.5 
11.7 
11.4 
12.6 
13.4(3) 
10.5 
12.3 
13.9 
13.9 


76  16.6  N 
76  06.0  N 
75  35.7  N 
75  37.0  N 
75  36.5  N 
75  40.2  N 
74  56.5  N 

74  59.2  N 

75  09.5  N 
75  05.5  N 
74  15.7  N 
74  40.1  N 
74  26.3  N 
74  24.9  N 
74  13.9  N 


h 
11.8 
11.8(5) 
13.6(8) 
11.8(2) 
12.5 
18.3 
13.7 
15.4 

12.2(2) 
11.7(4^ 

12.3  (8) 
15.1  (2) 
15.7(2) 
16.5 
13.0 
12.9(4) 
13.1  (5) 
12  4 

7.5 
11.7 
11.4 
12.6 

13.4  (3) 
10.5 
12.3 
14.0 
13.9 


EUROPE. 

Russia. 


No   1  I  \aigach) .... 
No.  2  (Khabarowa) 


69  41.5  N 
69  39.8  N 


60  12 
60  24 


h 

° 

h 

o   / 

h 

.\ugl2.13'18 

14  4(3) 

20  13 

7E 

12  0 

78  40.8  N 

15.2 

(3) 

Aug  15.  18 

14.2(3) 

19  ,54 

5E 

17.6 

78  37.4  N 

14  7 

(3) 

ci\il  reckoning,  being  counted  from  midnight  as  zero  hour  contin- 
uously through  24  hours;  16'',  for  example,  means  4  o'clock  p.  m. 
The  declination  and  inclination  \alucs  are,  in  general,  given  in 
degrees,  minutes,  and  tenths  of  minute  of  arc.  The  values  of 
declination  resulting  from  compass  observations  are  given  to  the 
nearest  minute  only,  as  the  results  cannot  be  considered  of  greater 
precision  than  the  nearest  minute. 

In  the  present  condensed  table  the  results  of  the  observations 
at  winter  quarters,  for  example,  are  not  given  in  detail,  as  will  be 
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done  in  the  fuller  publication;  instead,  they  have  been  summarized, 
the  numeral  in  parentheses  indicating  the  number  of  days  on  which 
observations  were  made  for  the  designated  interval. 

Besides  Captain  Amundsen  and  Dr.  Sverdrup,  those  participat- 
ing in  the  observational  work  were  Messrs.  H.  Hanssen,  P.  Knud- 
sen,  and  O.  Wisting. 

A  large  part  of  the  original  computations  was  carried  out  in 
the  field  by  Dr.  Sverdrup.  The  final  computations  and  revisions 
were  made  by  the  authors  with  some  assistance  from  Mr.  H.  W. 
Fisk,  of  the  Department  of  Terrestrial  Magnetism.'  Subsequent 
to  our  revisions  of  the  results,  the  data  from  independent  computa- 
tions of  the  astronomical  observations  of  1920,  as  carried  out  at  the 
Astronomical  Observatory  of  the  University  of  Christiania  under 
the  direction  of  Professor  J.  Fr.  Schroeter,  were  received;  these 
results  agreed  with  the  original  astronomical  computations  thus 
serving  as  an  additional  check. 

DISTRIBUTIOX  AND  GEOGRAPHIC  POSITIONS  OF  STATIONS. 

Fig.  No.  1  shows  the  route  of  the  Maud  from  Norway  to  Bering 
Strait.  Figs.  Nos.  2,  3,  and  4  show  the  positions  of  the  stations  on 
the  Chelyuskin  and  Chukotsk  peninsulas.  Three  of  the  stations, 
Nos.  4,  21,  and  41,  are  close  to  the  winter  quarters  of  the  Maud 
during  the  winters  1918-1919,  1919-1920,  and  1920-1921,  respec- 
tively. For  these  stations,  the  latitude  has  been  determined 
with  an  accuracy  of  O'.l.  The  values  of  the  longitudes  are  probably 
accurate  within  2'  of  longitude  more  or  less.  They  have  been 
determined  by  means  of  chronometers  whose  corrections  on  Green- 
wich mean  time  were  obtained  by  time  signals  before  the  departure 
from  Norway  on  July  15,  1918,  and  on  the  arrival  in  Nome  on 
August  4  and  6,  1920,  and  whose  rates  had  been  ascertained  by 
numerous  observations  at  the  winter  quarters.  At  station  No.  4 
the  longitude  determinations  by  means  of  the  chronometers  were 
checked  by  observations  of  the  Moon.  At  stations  Nos.  21  and  41 
the  agreement  between  the  determinations  of  the  Expedition  and 
the  longitudes  derived  from  the  chart  of  the  north  coast  of  Siberia, 
issued  by  the  Russian  Department  of  Marine  (Hydrographic 
Division)  in  1914,  is  a  good  check.  This  chart  is  corrected  accord- 
ing to  the  results  from  the  Russian  Hydrographic  Expedition  to  the 
Arctic  Sea  by  the  ice-breakers  Taymyr  and  Vaigach,  in  1911  to 
1913,  and  is  very  reliable  according  to  the  experience  of  the  Ex- 
pedition. 

'  Dr.  Sverdrup  was  associated  with  the  Department  of  Terrestrial  Magnetism  at  Washington 
from  October,  1921,  to  March,  1922. 
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The  positions  of  stations  Nos.  5  to  15  on  Chelyuskin  Peninsula 
and  Crown  Prince  Alexei  Islands  are  all  deri\'ed  from  sextant 
observations  which  have  been  checked  by  the  dead  reckoning  kept 
on  the  sledge-trips.  The  latitudes  therefore  are  accurate  within 
less  than  1',  but  errors  in  the  longitudes,  which  depend  upon  the 
rates  of  the  watches  used,  may  be  larger.  The  longitudes  are  all 
computed  on  the  assumption  that  the  adopted  \-alue  for  station 
No.  4,  viz.,  105°  40'  E,  is  correct. 

The  positions  of  stations  Nos.  16  to  20,  in  the  vicinity  of  station 
4,  have  been  obtained  by  a  simple  triangulation. 

For  stations  Nos.  22  to  ?>?>,  along  the  north  coast  of  Siberia  from 
Bering  Strait  to  Ayon  Island,  the  positions  have  been  derived  from 
the  Russian  chart  of  the  coast,  which  has  already  been  mentioned. 
On  the  sledge-trip  during  which  these  stations  were  occupied,  a 
distance-wheel  was  always  used,  connected  with  the  sledge.  At 
places  which  were  difficult  to  identify  on  the  map,  the  distance, 
according  to  the  distance-wheel,  from  the  nearest  conspicuous 
point  was  used  to  find  the  position.  The  positions  thus  obtained 
have  probably  no  greater  errors  than  about  1'  in  latitude  and 
3'  to  4'  in  longitude. 

At  stations  Nos.  34  to  40,  astronomical  observations  were  made 
by  theodolite.  The  errors  in  the  latitudes,  therefore,  are  not  more 
than  0'.5,  but  the  error  in  the  longitudes  may  be  larger,  because  the 
longitudes  depend  upon  watches  which  were  carried  in  the  field  for 
seven  and  one-half  months.  However,  numerous  observations 
made  at  the  same  stations  from  time  to  time,  at  intervals  of  about 
six  days,  show  that  the  one  watch  which  was  always  carried  on  the 
body  of  the  observxT  kept  the  rate  astonishingly  well,  so  the  longi- 
tudes are  certainly  not  more  than  5'  wrong. 

At  stations  Nos.  42  to  53,  the  values  of  latitude  and  longitude 
have  been  partly  taken  from  the  Russian  map  of  the  coast  and 
partly  determined  by  observations.  The  positions  observed  by  the 
Expedition  show  this  map  to  be  reliable  along  the  east  coast  of  the 
Chukotsk  Peninsula,  and  along  the  south  coast  as  far  as  Cape 
Bering;  west  of  Cape  Bering,  however,  it  is  inaccurate. 

NARRATIVE    OF    THE    EXPEDITION    WITH    REFERENCE    PARTICULARLY 
TO  THE  M.\GNETIC  OBSERVATIONS,   1918-1921. 

The  "Maud  Expedition"  left  Norway  in  July,  1918,  with  a  total 
p)ersonnel  of  ten  men.  Captain  Amundsen's  plan  was  to  follow  the 
Russian  and  Siberian  coasts  eastward  to  about  165°  east  longitude, 
to  penetrate  as  far  north  as  possible  in  this  longitude,  let  his  \essel, 
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Fig.  2. — Map  showing  Distribution  of  Magnetic  Stations  Nos.  4  to  15  on  Chelyus- 
kin Peninsula. 

the  Maud,  which  was  especially  built  for  this  expedition,  freeze  in 
there,  and  then  let  the  vessel  be  carried  by  the  drifting  ice  across  the 
polar  sea  until  it  was  released  from  the  grip  of  the  ice  between 
Spitzbcrgen  and  Greenland,  where  the  vast  ice-masses  from  the 
Arctic  are  drifting  slowly  south  to  the  Atlantic  Ocean.  The  main 
object  of  the  Expedition  was  to  study  the  physical  conditions  of  the 
Arctic  Ocean,  but  along  with  the  oceanographical  work  a  number  of 
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other  observations  of  interest  to  geophysics  were  to  be  carried  out; 
these  included,  among  others,  meteorological,  aerological,  and 
magnetic  observations.  Most  of  the  observations  were  intrusted 
to  Dr.  Sverdrup,  but  Captain  Amundsen  himself  was  to  take  care 
of  the  magnetic  observations. 

The  Maud  left  Vardo,  Norway,  on  July  18,  1918.  Ice  was  met 
a  few  days  after,  but  the  ice  did  not  form  any  obstacle  worth 
mentioning  before  the  Jugor  Strait,  forming  the  southern  entrance 
to  the  Kara  Sea,  was  reached.  The  Strait  was  filled  up  with  ice, 
and  the  Maud  had  to  stay  at  the  western  entrance  until  August  17. 
During  this  stay  two  magnetic  stations  were  occupied,  one  on 
Vaigach  Island  at  the  north  side  of  the  Strait,  and  one  at  the  small 
Russian  trading-place,  Khabarowa,  at  the  south  side.  The  last- 
mentioned  station  is  the  one  which  was  occupied  by  Scott-Hansen 
on  Fridtjof  Nansen's  north-polar  expedition  in  1893. 

After  going  through  Jugor  Strait,  the  Maud  met  with  heavy 
ice  in  the  Kara  Sea  and  was  delayed  so  much  that  Dickson  Island, 
north  of  the  Yenisei  River,  was  not  reached  until  August  31. 
A  supply  of  crude  oil  was  taken  on  board  here,  and  during  this 
work  magnetic  observations  were  carried  out.  As  a  steamer  with 
supplies  for  the  wireless  station  on  Dickson  Island  was  expected 
daily,  copies  of  the  magnetic  observations  were  left  there,  to  be 
sent  to  the  Director  of  the  Department  of  Terrestrial  Magnetism. 
They  were  receiv^ed  on  January  2,  1919,  and  the  results  are  pub- 
lished in  Volume  IV  of  the  "Researches  of  the  Department  of 
Terrestrial  Magnetism".  (The  results  are  also  included  in  Table  1 
of  this  summary.) 

The  Maud  left  Dickson  Island  on  September  4,  1918,  but  again 
encountered  great  ice-masses  on  September  6,  west  of  Norden- 
skiold  Archipelago.  The  Maud  succeeded,  however,  in  passing 
through  the  Archipelago,  in  rounding  Cape  Chelyuskin,  the  north 
point  of  the  continent,  and  in  proceeding  about  25  miles  further 
east,  but  here  the  progress  of  the  vessel  was  absolutely  stopped  by 
the  ice  on  September  13.  There  was  no  harbor,  so  the  Maud  had 
to  anchor  in  an  open  bay  about  200  meters  from  the  shore-line. 
New  ice  formed  rapidly.  The  Maud  was  frozen  fast  in  a  few  days, 
and  preparations  for  the  winter  had  to  be  made.  Although  this 
meant  a  prolongation  of  the  Expedition  for  at  least  one  year,  it 
was  generally  greeted  with  enthusiasm  because  wintering  here 
afforded  opportunity  to  carry  out  a  number  of  investigations  in  a 
place  hardly  touched  by  former  expeditions. 

Captain  Amundsen  selected  at  once  a  place  for  a  magnetic 
observatory  close  to  the  shore-line  under  a  small  hill.  The  building 
was  started  about  September  20,  and  October  1,  it  was  so  far 
ready  that  the  first  observations  could  be  taken  in  it. 

As  stated  above,  it  was  Captain  Amundsen's  intention  to  take 
the  magnetic  observations  himself,  but  on  September  30,  when  the 
magnetic  observatory  was  ready  for  use,  he  had  the  misfortune  to 
fall  and  break  his  right  arm  close  to  the  shoulder.    The  magnetic 
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observations  up  to  the  end  of  November  were  made,  therefore,  by 
Dr.  Sverdrup,  at  which  time  Captain  Amundsen  was  able  to  take 
over  a  part  and,  later,  all  of  them. 

It  may  be  mentioned  that  systematic  observations  of  the 
northern  lights  were  not  carried  out  because  there  was  no  regular 
night  watch.  Every  display  of  northern  lights  between  8  A.  M. 
and  10  P.  M.  was,  however,  noted.  Only  a  few  photographs  of  the 
aurora  were  taken,  mostly  as  experiments,  because  it  was  necessary 
to  save  the  plates  for  more  northern  regions.  It  may  also  be 
mentioned  that  attempts  were  made  to  measure  ths  potential 
gradient  of  the  atmospheric-electric  field  and  the  condnctivity  of  the  air, 
but  the  equipment  secured  during  the  war  was  not  satisfactory,  the 
main  reason  being  that  satisfactory  insulation  could  not  be  main- 
tained. The  atmospheric-electric  observations,  therefore,  had  to 
be  given  up. 

During  April  and  May,  1919,  a  number  of  journeys  with  dog 
sledges  were  planned  in  order  to  explore  the  most  northerly  peninsula 
of  the  continent.  Messrs.  Hanssen  and  Wisting  were  to  undertake 
the  longest  trips,  and  they,  therefore,  received  during  February 
and  March,  instructions  from  Dr.  Sverdrup  in  taking  magnetic 
observations  with  the  dip  circle.  Mr.  Wisting  especially  showed 
himself  an  able  observer,  and  he  was  for  that  reason  intrusted  with 
carrying  out   the  magnetic  observations  on    the  sledge  journeys. 
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Fig.  3. — Map  showing  Distrilmtion  of  Magnetic  Stations  Nos.   16  to  20  in 
the  Vicinity  of  Winter  Quarters  (liirinR  1918  to  1919. 
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Messrs.  Hanssen  and  Wisting  were  out  on  two  sledge  journeys. 
On  the  first  they  were  away  2^  days,  following  the  coast  west  and 
southward  for  about  150  statute  miles  and  returning  the  same  way. 
On  the  second  they  at  first  followed  their  old  route,  but  then 
crossed  overland  from  the  west  to  the  east  coast  of  the  peninsula 
and  came  back  on  the  26th  day  after  a  round  trip  of  352  statute 
miles.  Mr.  Wisting  had  then  observed  at  nine  stations  along  the 
coast  or  inland,  the  average  distance  between  the  stations  being 
about  45  miles.  The  observations  obtained  from  the  journey  in 
April  were  taken  under  very  trying  conditions,  as  they  had  to  be 
carried  out  in  the  open  air  at  low  temperatures,  a  snow  wall  afford- 
ing the  only  protection  against  the  wind.  Unfortunately  the 
observations  comprise  only  inclination  and  total  intensity  and  not 
declination,  because  neither  Mr.  Wisting  nor  Mr.  Hanssen  was 
sufficiently  familiar  with  the  necessary  astronomical  observations. 

At  the  end  of  April  a  party  of  four  was  sent  to  Crown  Prince 
Alexei  Islands  lying  40  miles  north  of  the  Maud's  winter  quarters. 
They  observed  the  inclination  at  two  stations  with  dip  circle,  No. 
154. 

Early  in  the  spring  of  1919  Captain  Amundsen  resolved  to  send 
home  all  observations  from  the  first  wintering  by  way  of  Dickson 
Island.  He  hoped  that  the  ice  conditions  would  permit  him  to 
start  the  drift  in  1919,  and  thought  it  would  be  best  to  let  two  men 
bring  the  results  of  the  year's  work  to  civilization  as  soon  as 
possible,  mainly  because  the  observations  might  get  lost  if  the 
Maud  were  crushed  in  the  ice.  For  that  reason,  in  the  middle  of 
August,  all  observations  were  packed  and  sewed  up  in  oil  cloth. 
One  of  the  packages  containing  all  original  magnetic  observations 
and  registrations,  information  necessary  for  the  computations,  maps, 
and  sketches  was  addressed  to  the  Director  of  the  Department  of 
Terrestrial  Magnetism.  A  notebook  was  kept  on  board  in  which  all 
the  magnetic  observations  were  copied.  The  observations  were 
condensed  as  much  as  possible  in  order  to  have  them  all  gathered  in 
a  small  book  of  practically  no  weight  which  might  easily  be  taken 
along  in  case  the  ship  had  to  be  abandoned.  No  copies  were  made 
of  the  registrations,  and  no  attempt  had  been  made  to  tabulate 
hourly  values  from  them. 

After  a  hard  struggle  against  the  ice,  the  Maud  was  able  to 
leave  the  first  winter-quarters  on  September  12,  1919.  The  two 
men,  Messrs.  Tessem  and  Knudsen,  who  were  going  to  take  the 
observations  back,  were  left  behind.  They  had  built  a  house  on 
shore,  and  were  equipped  with  tent,  sledge,  5  dogs,  provisions  and 
fuel  for  about  one  year,  rifles,  ammunition,  maps  of  the  coast, 
compasses,  watch,  and  theodolite.  They  were  instructed  to  start, 
if  possible,  for  Dickson  Island  in  the  fall  as  soon  as  the  ice  was 
trustworthy,  but  if  in  their  own  judgment  it  was  not  advisable  to 
go  during  the  fall,  then  to  wait  until  the  next  spring.  Between 
Cape  Chelyuskin  and  Dickson  Island  w'ere  three  caches  with 
supplies  of  provisions  and  fuel  laid  out  in  1915,  and  the  greatest 
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distance  between  two  caches  was  only  250  miles.  The  plan  seemed 
perfectly  safe,  and,  in  addition,  both  men  had  had  considerable 
experience  in  arctic  traveling  and  were  good  hunters.  However, 
since  leaving  Messrs.  Tessem.  and  Knudsen  on  September  12,  1919, 
nothing  has  been  heard  from  them.  A  searching  expedition,  sent 
out  in  1920,  has  not  brought  final  result  as  to  their  fate,  but  it  cannot 
be  doubted  that  they  perished.  The  original  copies  of  the  absolute 
observations  and  all  the  original  photographic  registrations  of 
declination  were  lost  with  them.  No  copies  exist  of  the  photographic 
registrations,  and  so  they  are  a  total  loss,  hut  all  absolute  observations 
had  been  copied. 

It  soon  became  apparent  that  it  would  not  have  been  necessary 
to  send  Messrs.  Tessem  and  Knudsen  home  because  the  Maud  did 
not  succeed  in  penetrating  into  the  drifting  ice  of  the  polar  sea,  as 
hoped.  In  the  vicinity  of  Cape  Chelyuskin  and  across  the  Norden- 
skiold  Sea,  the  Maud  met  much  more  ice  than  earlier  expeditions 
have  encountered  in  the  same  season,  and  on  the  east  side  of  the 
New  Siberian  Islands  there  was  only  a  narrow  lead  of  open  water 
betw^een  the  heavy  pack-ice  and  the  coast.  An  attempt  to  penetrate 
to  the  north  here  soon  had  to  be  given  up,  and  under  these  con- 
ditions nothing  was  left  but  to  seek  new^  winter-quarters  at  the 
coast.  Captain  Amundsen  resolved  to  go  to  Chaun  Bay,  but  when 
Ayon  Island  was  reached  at  .the  entrance  of  the  bay,  further 
progress  was  absolutely  stopped  by  the  ice.  A  strip  of  old  ice  2  miles 
broad  was  found  along  the  coast.  The  Aland  was  forced  in  some 
hundred  yards  among  the  old  ice-fioes,  where  she  stayed  perfectly 
safe  during  the  whole  winter. 

When  the  Expedition  came  to  Ayon  Island,  a  number  of  natives 
of  the  Chukchi  tribe  were  living  there.  These  natives  were  rein- 
deer nomads  who  spent  the  winter  in  the  timbered  inland,  but  the 
summer  at  the  coast.  It  soon  became  apparent  that  they  were  so 
primitive,  that  it  would  be  of  interest  to  learn  as  much  as  possible 
about  their  customs.  For  that  reason,  at  Captain  Amundsen's 
suggestion.  Dr.  Sverdrup  went  with  the  nati\es  when  they  left  the 
the  coast  and  stayed  among  them  for  7}4  months  until  they  came 
back  to  the  coast  the  following  spring.  Besides  making  notes  of 
ethnological  interest,  Dr.  Sverdrup  carried  out  magnetic  observa- 
tions in  the  inland,  using  theodolite-magnetometer  Xo.  8,  with  tri- 
pod, DoNcr  dip  circle,  No.  154,  a  small  astronomical  theodolite 
(Hildebrandt,  Freiberg,  No.  4474),  and  an  obser\-ing  tent.  The 
time  before  the  departure  was  so  short  and  so  much  had  to  he  done 
to  provide  for  the  different  observations  which  were  to  be  taken  on 
board  during  the  winter,  that  no  time  was  left  for  magnetic  observa- 
tions. 

It  was  rather  trying  to  travel  with  the  natives  because  they 
moved  so  slowly.  They  took  two  months  to  cover  the  170  miles 
from  the  coast  to  the  inland  whore  they  stayed  during  the  winter. 
On  the  days  when  they  were  moving,  most  of  the  time  till  noon 
was  used  for  preparations,  for  taking  down  the  tent,  lashing  the 
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sledges  and  catching  the  reindeer,  and  then  they  w.^r^  aljle  to  eo.ver 
8  to  10  miles,  but  generally  much  less.  It  often  happened,  after 
having  spent  hcnirs  and  hours  in  getting  ready,  they  stopped  after 
the  first  mile.  •       ' 

In  this  season  conditions  were  very  unfavorable  for  observations. 
The  daylight  was  short,  and  much  bad  weather  made  astronomical 
observations  impossible.  Observations  were  made,  therefore,  at 
only  one  station,  but  no  astronomical  observations  could  be  secured. 
From  the  end  of  December,  1919,  to  the  beginning  of  March,  1920, 
the  natives  were  living  in  the  same  place,  and  magnetic  observations 
were  usually  secured  once  a  w^eek,  but  the  low  temperature  in  the 
observing  tent  sometimes  was  a  hindrance.  The  observations  with 
the  dip  circle  once  had  to  be  interrupted  because  frost  formed  so 
rapidly  on  the  agate  bearings  for  the  dip  needle  that  the  movement 
of  the  needle  was  not  free  a  moment  after  it  was  placed  on  the 
agate  planes. 

At  the  end  of  March,  1920,  a  number  of  natives  were  going  to  the 
yearly  market  at  the  Russian  settlement,  Panteleika,  close  to  the 
Kolyma  River,  to  exchange  their  furs  for  tobacco  and  tea.  The 
distance  was  about  100  miles,  and  most  of  the  natives  did  not 
travel  w^th  all  their  belongings  as  they  did  when  they  moved  with 
their  reindeer  herd,  but  they  only  used  their  small  personal  sledges 
drawn  by  two  reindeer,  by  means  of  which  they  were  able  to  co\er 
the  distance  in  two  to  three  days.  Dr.  Sverdrup  was  anxious  to 
go  with  them,  partly  in  order  to  see  the  Russian  settlement  and 
partly  in  order  to  extend  the  magnetic  observations  as  far  west  as 
possible,  but  it  was  difficult  to  transport  the  instruments  under  the 
circumstances.  After  some  trouble  a  sledge  with  two  deer  was 
obtained  for  the  instruments,  but  it  w'as  necessary  to  leave  the 
trunk-cases  behind  to  reduce  the  w'eight.  The  settlement  was 
reached  without  mishap,  and  two  series  of  magnetic  observations 
were  taken  there. 

On  the  way  back  the  reindeer  which  were  pulling  the  sledge 
with  the  instruments  were  worn  out  and  on  the  verge  of  breaking 
down.  A  stop  was  made  at  a  Chukchi  tent  halfway  between 
Panteleika  and  the  winter  station  to  wait  for  families  w^ho  came 
with  tents  and  all  belongings  to  join  the  group  with  which  Dr. 
Sverdrup  stayed.  The  interruption  w^as  utilized  for  magnetic  and 
astronomical  observations.  The  Chukchi  group  now  on  the  way 
back  to  the  coast  was  rejoined  by  the  end  of  April.  Two  more 
stations  were  then  occupied.  The  conditions  were  now  very  fa\or- 
able  for  observations;  there  w^as  continuous  daylight  and  very 
often  brilliant  sunshine  during  the  day,  the  temperature  in  the  tent 
rising  several  degrees  above  the  freezing  point.  Dr.  Sverdrup  left 
the  natives  on  May  15,  1920,  and  traveling  by  dog  sledge,  reached 
the  Maud  on  May  17.  Magnetic  and  astronomical  observations 
had  been  made  at  5  stations  at  an  average  distance  apart  of  about  50 
miles.    A  station  on  Ayon  Island  was  occupied  in  the  middle  of  June. 

During  Dr.  Sverdrup's  absence,  Mr.  Wisting  had  taken  several 
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observations  with  dip  circle  No.  205  on  the  ice  a  short  distance 
from  the  Maud.  On  December  1,  1919,  Messrs.  Hanssen  and 
Wisting  left  the  vessel  with  two  dog  teams.  Their  instructions  were 
to  reach  the  nearest  wireless  station  either  at  Nome  or  Anadyr,  to 
send  information  about  the  Expedition,  and  to  secure  new  equip- 
ment of  different  kinds  to  be  sent  to  Nom.e,  where  Captain  Amund- 
sen had  decided  to  call  in  July,  1920.  Among  the  telegrams  which 
were  to  be  sent  was  one  to  the  Director  of  the  Department  of 
Terrestrial  Magnetism,  in  which  Captain  Amundsen  asked  for  two 
pairs  of  intensity  needles  for  dip  circle  No.  205,  because  one  pair 
seemed  to  have  been  damaged  in  some  way  during  the  inevitably 
rough  transportation  on  the  sledge  journeys  at  Cape  Chelyuskin. 
Mr.  Wisting  was  also  instructed  to  carry  out  on  this  journey 
magnetic  observations  along  the  coast  with  dip  circle  No.  205,  and 
to  occupy  stations  at  an  average  distance  apart  of  about  50  miles. 
The  traveling  along  the  coast  in  the  middle  of  the  winter  was 
extrem.ely  hard,  and  Mr.  Wisting  had  the  same  experience  Dr. 
Sverdrup  had,  v\z.,  the  conditions  were  very  unfavorable  for 
carrying  out  magnetic  observations  while  traveling  in  this  season. 
Messrs.  Wisting  and  Hanssen  reached  Cape  Deschnew  (East  Cape) 
at  the  Bering  Strait  early  in  February.  F'rom  here  Mr.  Hanssen 
proceeded  alone  to  Anadyr,  where,  through  the  courtesy  of  the 
Russian  officials  and  officials  in  the  United  States,  he  succeeded  in 
sending  the  telegrams,  including  the  one  to  the  Director  of  the 
Department  of  Terrestrial  Magnetism,  who  received  it  on  March 
29,  1920.  In  the  meantime  Mr.  Wisting  stayed  with  a  trader 
living  in  the  native  village  of  Kain-ge-skon,  at  the  south  entrance  to 
Bering  Strait.  At  this  point  he  took  a  number  of  magnetic  observa- 
tions in  a  snow  hut,  which  he  built  for  that  purpose.  Mr.  Hanssen 
returned  from.  Anadyr  in  the  middle  of  May,  and  together  they 
covered  the  700  miles  from  the  Bering  Strait  to  the  Maud  in  28 
days.  During  the  last  14  days,  tra\cling  was  \ery  difficult  because 
the  snow  had  melted  on  the  land  and  they  had  to  keep  on  the  solid 
sea-ice.  At  the  mouths  of  the  numerous  ri\ers  the  sea-ice  was  often 
covered  with  fresh  water  to  a  distance  of  several  miles  from  the 
shore,  and  they  had  to  make  great  detours  to  avoid  the  water. 
In  some  places  it  could  not  be  avoided,  and  they  were  forced  to 
walk  miles  in  water  almost  kneedeep.  In  spite  of  the  short  time  and 
the  hardships  connected  with  fast  traveling,  Mr.  Wisting  carried 
out  his  instructions  completely.  He  observed  at  11  stations 
along  the  coast,  the  axerage  distance  between  them  being  about 
60  miles,  and  he  brought  the  instrument  back  in  perfect  condition. 
However,  his  observations  were,  as  before,  restricted  to  inclination 
and  total  intensity. 

The  Maud  left  Ayoii  Island  on  July  6  and  anchored  at  Nome 
on  July  27,  1920.  Here  the  Expedition  learned  that  no  news  had 
been  received  in  Norway  about  Messrs.  Tessem  and  Knudsen. 
The  copy  of  the  magnetic  observations  for  the  winter  1918-1919, 
together  with  all  original  observations  for  the  winter  1919-1920,  and 


54  Ji.   U.  S  VERDR  UP  A  ND  C.  R.  D  U  VALL      [Vol.  XXVII.  Nos.  l  and  2] 

copies  of 'astronomical  and  meteorological  observations  as  far  as 
they  were  of  importance  for  the  computations,  were,  therefore,  sent 
to  the  Director  of  the  Department  of  Terrestrial  Magnetism,  who 
received  them  on  September  22,  1920.  While  at  Nome,  a  package 
was  received  from  the  Department  of  Terrestrial  Magnetism 
containing  two  pairs  of  intensity  needles  for  dip  circle  No.  205, 
according  to  Captain  Amundsen's  wireless  request  from  Anadyr. 

After  a  short  stay,  the  Maud  again  left  for  the  Arctic  on  August 
8,  to  make  a  third  attempt  to  penetrate  to  the  large  drifting  ice- 
fields in  the  north.  The  attempt  failed  once  more.  Even  in 
Bering  Strait  heavy  ice  was  encountered  and  it  was  only  with  great 
difficulty  that  Cape  Serdze  Kamen,  70  miles  west  of  the  Strait, 
was  reached.  Further  progress  was  absolutely  impossible  and 
accordingly  winter  quarters  for  1920-1921  were  established  at  Cape 
Serdze  Kamen.  In  the  last  struggle  against  the  ice  the  propeller 
was  broken  and  the  shaft  was  damaged.  It  was  necessary  to  pro- 
ceed in  the  following  summer  (1921)  to  Seattle  for  repairs  to  the 
vessel. 

Before  departing  from  Nome,  the  personnel  of  the  Expedition 
was  reduced  to  four,  four  having  left  at  Nome  because  the  Expedi- 
tion would  last  several  years  more  than  anyone  thought  when  the 
start  was  made  in  1918.  This  had,  of  course,  an  influence  upon  the 
scientific  work,  which  also  was  hampered  by  the  severe  weather 
conditions  during  the  first  part  of  the  winter.  The  ice  broke  up 
close  to  the  shore  several  times  in  October  and  November,  and  it 
was  not  before  the  end  of  No\ember  that  the  Maud  was  frozen  fast. 
At  the  end  of  No\ember  a  snow  hut,  where  a  few  observations  were 
made,  was  built  on  the  shore  north  of  the  vessel.  Captain  Amund- 
sen himself  acted  as  cook  and  was  for  that  reason  prevented  from 
observing.  During  a  severe  fourteen-days'  snowstorm  in  the  first 
part  of  December,  the  snow  hut  was  buried  by  the  drifting  snow 
and  the  roof  was  broken  down.  Fortunately  the  instruments  had 
been  remo\'ed  as  soon  as  the  storm  started.  During  January,  1921, 
a  number  of  observations  were  taken  in  an  observing  tent  which 
was  set  up  on  a  low  mound  close  to  the  shore  west  of  the  Maud. 

On  January  31  Dr.  Sverdrup  and  Mr.  W'isting  left  the  Maud 
with  two  dog  teams  to  follow  the  coast  to  Holy  Cross  Bay,  if  possible 
to  Anadyr,  and  on  the  return  to  cross  overland  from  Holy  Ooss  to 
Kolutchin  Bay.  The  objects  were  to  take  magnetic  observations 
and  to  collect  information  of  ethnological  interest.  The  instru- 
mental outfit  consisted  of  dip  circle  No.  205,  theodolite  No.  4474, 
and  two  watches.  The  coast  followed  has  a  very  bad  reputation 
among  the  traders  and  the  natixes,  on  account  of  the  numerous 
blizzards;  the  east  and  south  coasts  of  the  Chukotsk  Peninsula 
are  in  this  respect  much  worse  than  the  north  coast. 

The  part\-  was  away  from  the  Maud  69  days  and  covered  1,200 
miles,  l)ut  on  23  of  the  days  could  not  proceed  on  account  of  bliz- 
zards. The  attempt  to  cross  overland  from  Holy  Cross  Bay  to 
Kolutchin  Bay  failed.  The  snow  was  so  deep  and  soft  that  the 
daily  travel  was  \er\-  small,  and  the  part\'  had  to  turn  back  because 
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dog  feed  got  scarce.  During  February  and  March  magnetic  ob- 
servations were  made  at  11  stations,  but  on  account  of  the  bad 
weather  astronomical  observations  could  be  secured  at  only  a  few 
of  the  stations. 

After  the  return,  Dr.  Sverdrup  took  a  short  trip  to  Pitlekai,  a 
native  village  about  50  miles  west  of  the  winter  quarters,  where 
A.  E.  Xordenskiold  had  taken  magnetic  observations  during  the 
Vega's  wintering  in  1878-1879.  A  wooden  pole  driven  down  in  the 
ground  had  marked  the  place  of  his  observations,  but  according  to 
the  natives  nothing  was  now  left  of  this  pole.  An  old  woman,  who 
remembered  the  Vega,  however,  indicated  the  approximate  place 
where  Nordenskiold's  ice-house  had  stood,  and  the  tent  was  set  up 
there  and  a  series  of  observations  was  taken  with  dip  circle  Xo.  205. 
The  magnetic  observations  of  this  winter  were  closed  on  April  26, 
1921,  by  simultaneous  observations  with  magnetometer  Xo.  8,  and 
dip  circle  Xo.  205,  at  the  station  occupied  in  January,  1921. 

The  Aland  left  her  winter  quarters  on  July  1,  and  reached 
Seattle  on  August  31.  It  is  Captain  Amundsen's  intention  to  start 
out  again  in  1922  and  try  once  more  to  get  into  the  drifting  ice. 
The  Maud,  therefore,  is  being  overhauled  in  Seattle  and  equipped 
again  for  a  number  of  years.  During  these  repairs  Dr.  Sverdrup 
took  the  magnetometer  and  the  two  dip  circles  to  Washington 
where  they  were  compared  with  the  standards  of  the  Departrnent  of 
Terrestrial  Magnetism.  Dr.  S%-erdrup  reported  at  Washington 
in  the  latter  part  of  October,  1921,  and  continued  there  until 
March,   1922. 

(In  the  summer  of  1921,  Captain  Jacobsen  searched  the  coast 
northeast  of  Port  Dickson  and  returned  to  Xorway  by  way  of 
Petrograd  in  February,  1922.  At  Cape  Wild,  about  250  miles 
northeast  of  Port  Dickson,  where  a  cache  had  been  left  by  the 
"Eclipse"  Expedition  in  1915,  a  letter  dated  Xovember  14,  1919. 
and  signed  by  Tessem  and  Knudsen,  was  found.  In  this  letter  was 
stated  that  thev  had  arrived  in  good  health  at  Cape  Wild  on 
Xovember  10,  1919,  but  had  found  the  cache  there  partly  damaged 
by  sea -water,  because  the  waves  had,  apparently,  washed  over  the 
point  on  which  the  cache  was  placed.  They  had  moved  part  of  the 
cache  about  25  yards  in  and  had  supplemented  their  own  provisions. 
With  supplies  for  20  days  they  proceeded  to  Port  Dickson.  On  the 
coast  between  Cape  Wild  and  Port  Dickson,  Captain  Jacobsen 
found  remnants  of  several  campfires  built  of  driftwood.  At  the 
last  one,  pieces  of  half-burnt  clothing,  buttons,  and  cartridges  and 
other  things  were  found.  It  has  been  suggested  that  one  of  the  two 
men  had  died  and  that  his  body  was  burned  by  his  companion,  of 
whom,  howe\'er,  no  trace  has  been  found.) 

DESCRIPTIONS    OF    STATIONS. 

In  general  the  topography  of  the  regions  in  the  neighborhood  of 
the  stations,  the  absence  of  prominent  marks  and  buildings,  and  the 
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Station 


meteorological  conditions  prevailing  made  infeasible  detailed  de- 
scriptions such  as  would  permit  precise  recovery  of  all  the  points. 
Such  descriptions  as  were  possible  to  give  will  be  found  in  the 
fuller  publication.  Any  one  requiring  information  regarding  loca- 
tion of  any  station,  before  the  fuller  publication  appears,  should 
apply  to  the  Director  of  the  Department  of  Terrestrial  Magnetism, 
Washington,  D.  C. 

SECULAR-VARIATION    DATA. 

Previous  observations  of  the  magnetic  elements  in  the  general 
region  covered  by  the  Expedition  were  made  by  A.  E.  Nordenskiold 
on  the  "Vega  Expedition",  during  1878-79,  and  by  Nansen  during 
the  "NorAvegian  North  Polar  Expedition"  of  1893-96.  Table  2 
shows  the  data  obtained  for  the  several  magnetic  elements  by 
previous  observers  and  by  the  "Maud  Expedition",  together  with 
the  resulting  values  for  mean  annual  change.  It  had  been  hoped 
also  to  obtain  annual-change  values  at  Cape  Chelyuskin,  but 
Nordenskiold's  station  at  this  place  was  apparently  in  a  locally 
disturbed  area,  his  value  for  declination  being  129°  09'  east;  it  was 
not  feasible,  therefore,  to  get  any  reliable  secular-change  data  by 
comparing  his  results  with  values  interpolated  for  his  position  from 
stations  occupied  on  the  "Maud  Expedition".  The  data  for  the 
"Maud  Expedition"  values  at  St.  Laurent  Bay  and  Konyam  Bay 
are  obtained  by  interpolation  for  the  first  case  from  values  at 
stations  Nos.  42  and  43,  and  in  the  second  case  from  values  at 
stations  Nos.  44  and  45. 

Table  2. — Secular- Variation  Data. 


Port   Dickson 
Khabarowa.  . 

Pitlekai 


St.  Laurent 

Bay 
Konyam  Ba\ 


Lati- 
tude 


Long. 
East 
ofGr. 


Authoritv 


73  30  N 

80 

26 

69  40  X 

60 

24 

67  06  N 

186 

29 

65  35  X 

189 

16 

64  50  N 

187 

03 

.Nordenskiold 
.*\mundsen . .  . 
Xordenskiold. 

Xansen 

.■\mundsen.  .  . 
Xordenskiold 
Amundsen.  .  . 
Xordenski()Id 
Amundsen. .  . 
Nordenskiold 
.Amundsen.  .  . 


Date 


Declination 


Value 


Aug 

Sep 

Jul 

Aug 

Aug 

Mar 

Apr 

Jul 

Feb 

Jul 

Feb 


1878 
1918 
1878 
1893 
1918 
1879 
1921 
1879 
1921 
1879 
1921 


26  25  E 
2»  43  E 
17  07  E 


19  54  E 

19  42  E 
15  03  E 

20  24  E 


17  52  E 


Annual 
Change 


3.4  E 


4  2  E 
6'6  \V 


Inclination 


Value 


82  55  X 
82  38  X 


77  38  X 

78  37  X 
77  01  X 
76  26  X 
75  55  X 
75  16  X 
75  10  X 
74  32  N 


Annual 
Change 


0.4  S 


2.4  X 

0 . 8  S 


0  9  S 
0'9  S 


Hor.  Int. 


Value 


c.g.s. 

08007 

07503 

11558 

11448 

10920 

,13188 
13213 

.14178 

.14210 
14725 

.14810 


Annual 
Change 


c.g.s. 


—  .00013 


—  .00007 

—  .00021 


+  .00001 
+ '.  ooooi 
+ '.  60662 


PERIODICITY    OF    ACTIVITY    IN    TERRESTRIAL    MAG- 
NETISM AND  THE  ROTATION  OF  THE  SUN.i 

By  Dr.  G.  Angenheister. 
The  methods  by  which  researches  into  the  physical  causes  of 
magnetic  storms  have  been  made  are  essentially  as  follows: 

(I)  It  has  been  attempted  to  determine  the  geographic  dis- 
tribution of  magnetic  storms  over  the  Earth.  In  this  way  the 
influence  of  the  Earth's  permanent  magnetic  field,  on  the  geo- 
graphic arrangement  of  the  disturbance  field,  has  been  recognized, 
and  it  was  made  probable  that  there  is  an  extra-terrestrial  cause  of 
disturbance,  solar  radiation,  acting  upon  this  permanent  field. 
We  have  learned  to  distinguish  several  different  properties  of  these 
storms,  such  as  that  some  of  them  are  chiefly  local  in  their  character, 
whereas  others  range  over  the  whole  Earth.  The  known  pulsations 
also  belong  to  the  latter. 

(II)  It  has  also  been  sought  to  determine  the  velocity  of  the 
propagations  of  disturbances  in  terrestrial  magnetism  over  the 
Earth.  I  believe  that,  at  any  rate  for  the  known  pulsations,  the 
time-intervals  between  occurrence  of  the  variations  at  diff"erent 
stations  are  smaller  than  the  limits  of  accuracy  attainable  with 
our  present  means  of  measurement;  certainly  they  are  smaller 
than  0.1  min.  for  10,000  km. 

(III)  It  has  been  sought  to  discover  a  periodicity  in  these 
storms  by  study  of  their  recurrence.  There  is  no  doubt  that 
periods  of  one  day,  one  year,  and  eleven  years  have  been  dis- 
covered, which  show  clearly  that  the  Sun  has  its  influence  upon  them 
as  a  source  of  disturbance.  This  is  confirmed  by  a  period  of  the 
same  duration  as  that  of  the  Sun's  rotation. 

(IV)  It  has  also  been  sought  to  trace  the  connection  between 
observed  phenomena  on  the  Sun  and  observed  occurrences  in  ter- 
restrial magnetism — to  distinguish  certain  sun-spots  as  origins  of 
storms.  By  taking  the  period  between  the  passage  of  a  given  sun- 
spot  across  the  central  meridian  and  the  outbreak  of  a  storm,  the 
velocity  of  the  disturbance  in  interplanetary  space  has  been 
computed.  Up  to  the  present,  this  has  not  been  successful.  Solar 
phenomena  cannot  be  identified  with  disturbances  in  terrestrial 
magnetism  with  certainty  sufficient  to  construct  a  theory  of  their 
relation  to  one  another. 

The  only  success  that  can  be  claimed  apparently  is  that  the 
well-known  periods  in  the  solar  phenomena,  such  as  the  eleven- 
year  period,  and  the  rotation  have  been  found  in  the  records  of 
terrestrial  inagnetism.    Still  it  is  hardly  possible  to  regard  one  as  a 

'  Translated  by  Mr.  C.  J.  Westland,  to  whom  the  author  expresses  his  grateful  obligations. 
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function  of  the  other,  certainly  not  with  regard  to  the  period  of 
the  approximate  duration  of  the  Sun's  rotation. 

It  is  also  noticeable  that  the  data  concerning  magnetic  storms 
which  are  supposed  to  agree  with  the  period  of  solar  rotation  appear 
to  vary  over  wide  limits,  from  about  25  to  30  days.  It  seems, 
therefore,  not  improbable  from  the  preliminary  view,  that  we  have 
to  consider  the  overlapping  of  several  periods  connected  more  or 
less  closely  with  one  another. 

In  a  previous  research,  I  have  demonstrated  the  existence  of  a 
26>^-day  period  in  magnetic  activity  and  in  the  areas  of  spots  and 
flocculi  upon  the  Sun.  A  relationship  of  the  two  periods  to  one 
another  in  the  sense  of  cause  and  effect  was  altogether  impossible. 
It  was  shown  also  that  at  the  time  of  maximum  magnetic  activity 
the  thickly  spotted  hemisphere  was  turned  toward  us  in  1911, 
while  in  191  vS  the  more  thinly  spotted  hemisphere  was  turned 
away  from  us.  Beside  this  26>^-day  period  there  seems  to  be.  an- 
other of  approximately  30  days,  especially  with  respect  to  the 
repetition  of  the  greater  storms. 

In  the  following,  I  shall  deal  at  first  with  some  difficulties  which 
we  have  before  us,  if  we  suggest  that  some  of  the  solar  phenomena 
correspond  with  the  events  observed  in  terrestrial  magnetism. 
We  must,  in  fact,  consider  that  upon  the  Sun  there  are  certainly 
various  layers  which  move  with  different  velocities,  and  in  addition 
to  this  the  rotation  period  of  each  layer  xaries  with  the  latitude. 
Thus,  I  shall  endeavor  to  show  that  in  addition  to  the  26>^-day 
period  there  is  a  30-day  period  of  greater  disturbance,  and  with 
regard  to  these  I  shall  show  that  there  is  a  probable  connection 
with  the  solar  activity  which  tends  to  reconcile  the  contradictory 
data  concerning  the  263^-day  period  in  the  years  1911  and  1915 
stated  above. 

(a)  is  the  velocity  of  the  sun's  rotation  variable  with  time? 
Our  knowledge  of  the  Sun's  rotation  has  been  obtained  from 
observation  of  the  spots,  faculae,  and  prominences,  which  mov'e 
with  the  rotation  of  the  earthward  side  of  the  Sun,  and  sometimes 
last  through  several  rotations.  We  have  additional  evidence  in 
the  spectroscopic  observations  of  l)oth  limbs  of  the  Sun,  one 
advancing  and  the  other  receding,  in  which  the  comparison  of 
spectra  with  one  another  shows  the  displacement  of  the  lines  accord- 
ing to  the  Doppler  effect,  from  which  the  velocity  of  rotation  can 
be  determined.     Both  these  methods  give  approximately  the  same 
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results,  viz,  a  synodic  period  of  about  26J^  days  for  heliocentric 
latitude,  0°,  about  28  days  for  30°,  and  about  32  days  for  60°. 
The  observations  of  both  methods,  however,  show  discrepancies 
among  themselves,  which  become  greater  in  accordance  with  the 
errors  of  observation.  This  is  not  surprising  in  observations  of 
spots,  faculae  and  prominences,  as  these  features  undoubtedly  have 
proper  motions  in  longitude  and  latitude,  which  tend  to  give 
erroneous  values  of  the  velocity  of  rotation.  The  spectroscopic 
observations  of  the  Sun's  limbs  show  discrepancies  of  12  per  cent 
for  the  same  heliocentric  latitude;  for  example,  the  equatorial 
velocity  is  found  to  be  from  1.86  to  2.11  kilometers  per  second,  and 
these  are  less  easy  to  explain.  H.  H.  Plaskett,  writing  in  the 
Astrophysical  Journal  (1916,  p.  145)  believes  that  these  varying 
results  really  exist.  Thus  the  Sun  must  have  a  variable  velocity  of 
rotation,  which  has  fallen  5  per  cent  (from  2.05  km.  per  second  to 
1.95  km.  per  second)  during  the  years  1906  to  1915.  The  synodic 
rotation  must  have  lengthened  its  period  from  26>^  to  28  days  in 
this  time.  Again  the  period  must  have  been  }4  day  longer  in  1915 
than  in  1913.  And  yet  again  the  velocity  of  rotation  must  have 
developed  a  short-period  variation  of  about  7  per  cent  amplitude 
(0.15  km.  per  second)  in  June  and  July,  1915.  On  the  contrary, 
De  Lury  does  not  consider  these  surprising  results  to  be  real 
{Astrophysical  Journal,  1916,  p.  177).  His  theory  is  that  layers  of 
vapor  and  dust  between  the  observer  and  the  Sun  affect  the  spectra 
of  the  Sun's  lirnbs,  so  that  the  observed  variation  of  the  displaced 
lines  with  time  is  merely  the  result  of  varying  amount  of  dust 
situated  either  in  the  atmosphere  of  the  Sun  or  in  that  of  the 
Earth,  or  possibly  in  space  between  them.  The  light  which  is 
emitted  from  the  whole  body  of  the  Sun  falls  on  this  dust.  Then 
the  spectrum  of  this  dust  becomes  superposed  upon  that  of  the 
Sun's  limb,  making  it  more  like  that  of  the  middle  of  the  disc,  and 
thus  it  obliterates  the  displacement  of  the  lines  caused  by  the 
rotation.  Hence  the  dust  seems  to  diminish  the  velocity  of  rotation, 
which  is  proportional  to  the  displacement.  On  days  which  were 
free  from  dust  and  vapor,  he  found  v=1.97  km.  per  second; 
on  moist  days  it  was  1.82  km.  per  second.  A  moisture  of  this 
description  would,  of  course,  have  considerable  efifect  upon  the 
determination  of  the  solar  constant.  The  measurements  of  the 
solar  constant  must  tend  to  become  as  free  as  possible  from  the 
errors  due  to  moisture  in  the  atmosphere,  by  their  comparison  with 
one  another,  and  by  the  choice  of  stations  in  localities  which  are 
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especially  free  from  moisture.  Obviously,  they  cannot  be  cleared 
of  the  influence  of  any  conditions  of  moisture  in  the  atmosphere  of 
the  Sun  or  in  interplanetary  space.  If  the  vapor  which  causes  the 
magnetic  variation  of  velocity  of  solar  rotation  comes  from  solar 
activity,  a  connection  between  this  velocity  and  the  solar  activity 
should  be  found  as  the  result  thereof. 

A  scale  for  the  solar  activity  can  be  found  in  the  relative  num- 
bers of  sun-spots  R,  in  the  magnetic  character  numbers  Ch,  and 
the  value  of  the  solar  constant  S. 


Year 

Y 

(km.) 

U 

(days) 

S  (Abbot) 
(gr.  cal.  min.) 

R 

Ch 

S 
(Bigelow) 

1906 
1913 
1915 

2.05 
1.99 
1.95 

26.2 
27.1 
27.8 

1.956 
1.915 
1.950 

63 

1 

46 

0.646 

0.485 
0.620 

3.975 
4.003 
3.990 

R  and  Ch  show  parallel  courses.  A  diagram  was  drawn  showing 
these  in  comparison  with  the  velocity  of  rotation  V,  and  the 
duration  of  the  rotation  U  at  the  equator;  this  diagram  does  not 
seem  to  show  any  such  parallelism  in  the  rotation  and  solar  activity. 
5  according  to  Abbot  and  S  according  to  Bigelow  run  in  contrary 
directions.  I  have  also  compared  the  periodic  fluctuation  of  the 
velocity  of  rotation  observed  in  June  and  July,  1915,  with  the 
solar  activity  deriv^ed  from  the  magnetic  character  numbers. 
Here  a  connection  seems  more  probable. 

Thus,  if  at  the  time  of  increased  solar  activity  and  increased 
magnetic  activity  resulting  therefrom,  the  space  between  Sun  and 
Earth  were  full  of  vapor  the  spectroscopic  measurements  would 
suggest  a  decrease  of  velocity  of  rotation,  not  really  existing.  The 
vapor  may  consist  of  the  Sun's  dust,  small  drops,  or  swarms  of 
electrons,  but  the  diagram  mentioned  does  not  show  a  sufficiently 
close  coincidence  to  permit  the  question  to  be  regarded  as  decided. 

(b)     is  the  velocity  of  the  sun's  rotation  variable  with  the 

HEIGHT   OF   the    SUN's   ATMOSPHERE? 

St.  John  and  Adams,  by  spectroscopic  observations,  find 
different  velocities  of  rotation  for  different  heights  of  the  solar 
atmosphere.  The  following  table  shows  the  velocities  in  longitude 
per  day  for  latitudes  7°  and  38°,  derived  from  their  measurements 
of  the  highest  layer  of  the  K3  line,  for  the  lower  layer  of  the  aqueous 
matter  and  the  comparatively  low  rexersing  layer.     I  have  added 
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the  corresponding  synodic  rotation  in  days.    The  velocities  stated 
above  then  become  as  follows: 


Sun's  Latitude 

Velocity  of  Rotation 

Duration  of  Rotation 

7° 

38° 

-0 

38° 

Ks 

o 

15,5 
15.1 
14.4 

o 

15,4 
14.3 
13,2 

days 
24,7 

25.5 
26.7 

days 
24.9 

H 

26.9 

Reversing  Layer 

29.2 

De  Lury  believes  that  this  result  may  also  be  rendered  fallacious 
by  a  superposed  spectrum  of  dust  or  vapor.  On  days  free  from 
moisture  he  finds  connection  between  the  velocity  of  rotation  and 
height  of  atmosphere,  but  he  finds  it  well  marked  on  damp  days. 
A  revision  of  the  results  of  observation  in  1909-1913  leads  him  to 
the  opposite  conclusion  which  reduces  the  velocity  stated  above. 

Briefly,  it  may  be  stated  with  reference  to  the  duration  of  the 
Sun's  rotation:  (1)  That  the  spectroscopic  measurements  them- 
selves show  results  varying  about  one  or  two  days  for  the  equator; 

(2)  That  it  is  not  certainly  decided  whether  these  are  real,  and 

(3)  that  it  is  also  uncertain  whether  the  velocity  of  rotation  varies 
with  the  height.  Thus  it  will  be  difficult  to  state  that  any  value  of 
the  duration  of  the  Sun's  rotation,  derived  from  the  repetition  of 
magnetic  storms,  may  correspond  to  any  given  heliocentric  latitude 
or  any  given  height,  wherein  we,  therefore,  should  locate  the  cause 
of  the  storm, 

(C)       TERRESTRIAL   MAGNETISM    AND    SOLAR    ROTATION 

Adolf  Schmidt  {Meteor.  Zeitsch.,  1909)  showed  that  very  great 
magnetic  storms  are  repeated  after  certain  intervals,  of  which  the 
average  value  is  in  round  numbers  30  days.  Five  out  of  seven  of 
the  greatest  storms  between  1890  and  1909  follow  this  law.  From 
this  it  would. appear  that  a  definite  'part  of  the  Sun's  surface  rotates 
once  in  30  days,  and  sets  in  motion  new  magnetic  storms  from  time 
to  time,  frequently  after  long  pauses.  All  these  five  storms  took 
place  at  the  time  of  spot  maximum,  viz.,  Oct,  31,  1893;  July  20, 
1894;  Aug.  20,  1894;  Feb,  9,  1907,  and  Sept.  25,  1909  (Meteor. 
Zeitsch.,  1909,  p,  509).  Adolf  Schmidt  has  recently  shown  in  the 
Potsdam  Annual  Report  of  1910-11-12-13,  repetitions  of  storms 
in  a  single  year  at  inter\'als  of  27>^  days. 
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Other  observers  find  other  periods  for  the  return  of  stoims: 

Hornstein  and  Liznar 25.87  days 

Maunder  (Greenwich) 27.275    "     (magnetic  storms) 

Harvey  (Toronto) 27.246    " 

Birkeiand  (Polar  e.xpeditions) . .  .29.1 

Chree  (Kew) 27-28  (magnetic  character  numbers) 

These  discrepancies  in  the  periods  are  partly  explainable,  if 
we  accept  the  view  that  spots  or  faculae  are  the  causes  of  the 
storms,  because  in  the  first  place  spots  and  faculse  have  a  proper 
motion  on  the  Sun's  surface  which  may  either  delay  or  accelerate 
their  recurrence  in  the  same  position  of  the  Earth,  so  that  a  uniform 
period  can  hardly  be  expected;  and  in  the  second  place,  they  are 
situated  in  different  latitudes  and  have  the  corresponding  differ- 
ences of  rotation-period. 

The  spots  are  situated  chiefly  between  latitudes  10°  and  35°, 
the  faculae  are  also  to  be  found  in  higher  latitudes.  Moreo\-er,  by 
taking  the  mean  of  longer  intervals,  we  get  no  constant  value  foi 
the  mean  latitude  of  both  spots  and  faculae.  On  the  contrary,  in 
the  eleven-year  period,  the  mean  latitude  of  the  spots  moves  from 
35°  at  minimum  to  10°  at  minimum,  that  is,  toward  the  equator, 
and  then  at  the  beginning  of  the  new  period,  it  begins  again  in  35°. 
The  faculaj,  on  the  other  hand,  mo\-e  toward  the  pole  in  the  same 
period.  Thus,  if  spots  or  faculae  are  the  causes  of  storms,  the 
repetitions  of  these  storms  must  give  a  variable  period. 

Another  cause  of  uncertainty  is  introduced  into  the  problem 
of  a  definite  period,  if  the  Sun's  rotation  is  also  xariable  with  time 
for  the  same  latitude  and  a  stated  level,  as  indicated  b\'  the  spectro- 
scopic measurements  by  Plaskett,  quoted  above. 

Many  of  the  observed  variations  in  the  time-length  of  period 
may  be  explained  in  this  way.  But  it  will  be  hardly  possibk'  to 
attribute  the  30-day  period  of  the  storms,  found  by  Birkeiand  and 
Adolf  Schmidt,  to  a  similar  period  of  the  spots  and  faculae.  The 
spots  show  a  synodic  revolution  of  about  26.7  days  (at  the  equator) 
to  28.0  days  (in  lat.  30°).  Faculse  and  calcium  flocculi  give  nearly  the 
same  or  slightly  shorter  periods.  Thus,  if  a  30-da\'  period  is  to  be 
sought,  we  must  have  recourse  to  spots  or  facula'  which  are  situated 
in  heliocentric  latitude  50°,  where  they  are  ne\cr,  or  at  least  very 
rarely,  seen.  Also  the  cone  of  rays  would  require  a  \er\-  wide  angle 
if  rays  of  light  emerging  in  straight  lines  were  to  reach  the  Earth. 
If  we  seek  the  origin  of  the  storms  in  the  zones  where  the  spots  and 
faculae  are  situated,  i.  e.,  in  latitudes  10°  to  30°,  which  has  been  the 
usual   procedure,   then   the  causes  of  these  storms  which  repeat 
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themselves  with  a  30-cla\-  interval  can  never  be  situated  on  the  layer 
where  spots  and  faculae  are  formed,  because  there  the  rotation- 
period  is  too  short.  If  the  measurements  made  by  St.  John  and 
Adams  are  reliable  in  showing  the  increase  of  angular  velocity  of 
rotation  with  the  height,  then  the  causes  of  the  storms  cannot  be 
higher  but  must  be  deeper  than  the  spot-layer — deeper  than  the 
reversing  layer.  We  should  ha\'e  then  the  strange  physical  appear- 
ance of  a  solar  atmosphere  rotating  more  rapidly  than  the  nucleus 
of  the  Sun.  Thus,  we  must  either  locate  the  seat  of  disturbance 
at  a  depth  hitherto  not  investigated,  in  which  layer  we  accept  a 
duration  of  rotation  previously  not  observed  in  these  latitudes 
(10°  to  30°);  or.  as  an  alternative,  we  m.ust  place  the  seat  of  dis- 
turbance in  those  zones  of  latitude  where  the  required  value  of 
29  to  30  days  has  been  recorded,  but  where  spots  and  faculse  are 
seldom  to  be  seen.  Moreover,  a  very  wide  angle  of  the  cone  of  rays 
proceeding  in  straight  lines  must  be  supposed,  if  the  Earth  is  to 
intercept  such  rays. 

(d)     the  repetition  of  magnetic  storms  after  completion  of 
one  solar  rotation. 

The  great  discrepancies  in  the  length  of  the  period  between  the 
various  observed  repetitions  of  the  storms  encourages  the  belief 
that  perhaps  there  are  \'arious  types  of  storms  which  have  been 
utilized  in  computing  the  period.  Thus  there  may  be:  (1)  Very 
great  storms  of  w^hich  the  sources  are  situated  very  deep  in  the  solar 
atmosphere,  and  which  continue  to  be  active  for  many  years. 
A  duration  of  rotation  amounting  to  30  days  must  be  ascribed  to 
this  depth  of  the  Sun,  and  possibly  the  rotation-period  may  be 
constant  for  this  layer  in  all  latitudes  of  the  Sun.  (2)  Smaller 
storms  which  have  their  sources  less  deeply  situated,  possibly  just 
in  the  re\-ersing  layer,  and  which  in  such  movable  material  could 
only  maintain  a  constant  duration  of  rotation  for  one  actual 
revolution. 

This  layer  has  a  period  of  about  26  or  28  days,  varying  with  the 
latitude.  From  this  point  of  view,  which  can  be  regarded  only  as  a 
working  hypothesis,  all  the  material  of  the  magnetic  observations 
during  the  years  1906  to  1918,  and  especially  the  time  of  minimum 
activity  1910  to  1914,  was  made  use  of.  The  international  char- 
acter numbers  were  found  very  useful,  and  also  the  magnetic 
observations  from  tropical  stations,  especially  Batavia,  Samoa, 
and  Porto  Rico,  because  of  the  greater  simplicity  of  the  storms  in 
the  tropics  near  the  magnetic  equator. 
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(e)  the  great  storms. 
From  the  years  of  great  disturbance — 1909-1914 — for  the 
present  only  international  character  numbers  1.8  to  2.0  were 
selected  from  the  yearly  report.  The  two  great  storms  which  oc- 
curred close  together  on  September  25  and  30,  1909,  were  taken  as 
initium  a  quo.  The  storm  of  Sept.  25,  1909,  is  far  the  greatest 
yet  observed;  it  is  the  last  of  the  five  storms  in  which  Adolf  Schmidt 
demonstrated  the  return  after  n  times  30  days.  All  seventeen 
storms  of  character  1.8-2.0,  collected  from  the  years  1910-1914, 
appear  then  to  be  repetitions  of  the  two  storms  of  Sept.  25  and  30, 
1909,  if  a  period  of  rotation  of  30.0  days  is  adopted.  The  dates 
computed  for  the  repetitions  of  these  storms  (accepting  this  period 
of  rotation)  are  given  in  Table  1  for  comparison  with  the  observed 

dates. 

Table  1. 


Series  A .                             \ 

Series  B. 

Char. 

Observed 
Date 

Computed 
Date 

O-C 

Char. 

Observed 
Date 

Computed 
Date 

O-C 

1    8 

Sept.  30.  1909 
Mar.  28,  1910 
Sept.  29,  1910 
Feb.  21,  1911 
Aug.  23,  1911 
Sept.  17,  1912 
Apr.     6,  1914 

2.0 
1.8 
1.9 
1.9 
1.9 
1.8 
1.8 
19 

Sept.  25,  1909 
Aug.  22,  1910 
Mar.  20,  1911 
Dec.  11,  1911 
Apr.     9,  1913 
Jul.    29,  1914 
Sept.  27,  1914 
Oct.    28,  1914 

9 

8 
8 
8 
8 
9 

Mar.  29,  1910 
Sept.  25,  1910 
Feb.  22,  1911 
Aug.  21,  1911 
Sept.  14,  1912 
Apr.      7,  1914 

^1 
+4 
—1 
+  2 
+3 
-1 

Aug.  21,  1910 
Mar.  19,  1911 
Dec.  14,  1911 
Apr.     7,  1913 
Jul.    31,  1914 
Sept.  29,  1914 
Oct.   29,  1914 

+  1 
+  1 
—3 
+2 
—2 
—2 
— 1 

The  algebraical  mean  of  the  differences:  observed — calculated 
for  both  series  taken  together  =  +0.15  day.  It  seems  from  this 
that  in  the  five  years,  1910-1914,  two  positions  upon  the  Sun  have 
been  identified  as  principal  sources  of  disturbance,  and  that  these 
have  maintained  their  positions  within  the  Sun  unaltered.  These 
are  the  centers  of  the  disturbances  of  Sept.  25  and  30,  1909.  They 
lie  close  beside  one  another.  According  to  our  hypothesis,  these 
centers  of  disturbance  must  be  considered  to  be  at  a  depth  within 
the  Sun  where  the  duration  of  rotation  amounts  to  30  days. 

In  Table  2  the  Series  A  and  B  arc  extended  to  include  several 
other  storms;  n  is  used  to  designate  the  number  of  rotations  of  the 
Sun  of  30  days  each — reckoned  from  the  same  starting  point  as  the 
first  disturbance.  R  is  the  period  of  the  rotation  computed  from 
two  consecutive  storms.  We  extend  now  our  consideration  to 
storms   of   character    2.0 — 1.5    during    the    sun-spot  minimum  in 
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1910-1914.  If  we  divide  the  Sun  into  two  parts,  taking  a  circle  of 
longitude  as  the  boundary  line,  and  keeping  the  two  adjacent 
storm  centers  of  the  series  A  and  B  in  the  same  hemisphere,  then 
this  hemisphere  supplies  41  out  of  the  50  storms  of  character  2.0 — 
1.5.  Out  of  the  37  storms  of  character  2.0 — 1.6  during  this  time, 
there  are  33  from  one  and  4  from  the  other  half  of  the  Sun. 

T.\BLK    2. 


Date 

Char. 

n 

R 

Date 

Char. 

11 

R 

Jan.      3,  1909 

2.0 
1.9 
1.8 
1.9 
1.8 
1.8 
1.9 
1.8 
2.0 

Sept.  25,  1909 
Aug.  22,  1910 
Mar.  20,  1911 
Dec.  11,  1912 
Apr.     9,  1913 
Jul.     29,  1914 
Sept  27, 1914 
Oct.   28,  1914 
Sept.  23.  1915 
Feb.  15,  1917 
Aug.  13,  1917 

2.0 
1.8 
1.9 
1.9 
1.9 
1.8 
1.8 
1.9 
1.8 
1.9 
1.9 

Jan.    31,  1909 
Sept.  30,  1909 
Mar.  28,  1910 
Feb.  21,  1911 
Aug.  23,  1911 
Apr.     6,  1914 
Apr.  25,  1916 
Dec.  16,  1917 

0.93 
9.0 
14.97 
25.93 
32.07 
63.97 
88.97 
108.97 

28.0 
30.2 
29.8 
29.9 
30.7 
29.9 
30.0 
29.9 

11.03 

18.03 

26.9 

43.07 

58.93 

60.93 

61.97 

72.97 

90.00 

95.97 

30.1 
30.0 
29.6 
30.3 
29.8 
30.0 
31.0 
30.0 

Mean 

29.8 

30.1 
29.8 

Mean 

30.1 

From  what  has  been  written  above,  there  can  be  little  doubt 
as  to  the  real  existence  of  a  30-day  period  of  the  greater  magnetic 
storms  which  took  place  during  the  spot  minimum  of   1910-1914. 

It  was  necessary  to  make  a  closer  investigation  for  the  time  of 
maximum.  For  this  purpose,  the  character  numbers  from  1906 
to  1918  were  arranged  according  to  30-day  series,  beginning  at 
January  11,  1906.  In  this  way  it  was  determined  how  the  various 
degrees  of  character  from  0  to  2.0  were  distributed  on  the  different 
days  of  the  rotation,  and  how  this  distribution  altered  from  the 
time  of  maximum  activity  to  that  of  the  minimum.  Then  it 
became  noticeable  that  as  a  rule,  two-thirds  of  the  greater  char- 
acter number  of  a  year  of  maximum  is  caused  by  an  increase  of 
storms  of  character  1.2-2.0.  It  seemed,  therefore,  especially  ad- 
visable to  make  a  separate  study  of  these  storms  of  character  1.2- 
2.0.  Accordingly,  the  two  30-day  series  1906-1918  were  divided  into 
two  halves,  one  of  which  covers  the  time  from  the  14th  to  the  28th 
day  of  the  rotation.  Table  3  gives  the  number  per  annum  of  the 
1.2-2.0  storms — at  the  mean  times  of  the  1906-1909  maximum,  of 
the  1910-1914  minimum,  and  again  of  the  1915-1918  maximum. 
Each  half  is  still  further  divided  into  3  parts  of  5  days,  so  that  each 
gives  three  numbers. 
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Table  3. —  Yearly  average  of  iiuniber  of  storms  of  character  1.2 — 2.0  for  a  five-day 

phase  interval. 


A-Half 

B-Half 

A- 
Half 

B- 

A- 

Rotation  Days 

(29-3) 

(4-8) 

(9-13) 

(14-18) 

(19-23) 

(24-28) 

Half      B 

Max.   1906-1909 
Min.    1910-1914 
Max.   1915-1918 

6.2 

6.8 

10.0 

9.0 

8.0 

11.2 

9.0 

8.4 
12.5 

7.8 
3.6 
9.0 

5.2 

2.6 

12.2 

7.8 
3.2 
9.2 

24.2 
23.2 
33.7 

20.8 

9.4 

30.4 

1.16 

2.47 
1.11 

From  the  figures  in  Table  3  we  see:  (1)  that  for  all  three  in- 
tervals of  time  the  ^-half  gives  a  larger  number  of  storms  than 
the  5-half;  (2)  that  the  differences  between  the  halves  are  very- 
large  at  minimum,  but  at  maximum  very  m.uch  less  marked; 
(3)  that  for  the  yl-half  the  mean  yearly  number  of  storms  1.2  to  2.0 
is  almost  equally  large  for  the  maximum  of  1906-1909  and  for  the 
minimum  of  1910-1914,  so  that  in  the  yl-half  the  eleven-year 
period  is  very  much  less  sharply  defined  than  in  the  5-half. 

Perhaps  these  matters  stand  out  more  clearly  if,  instead  of  the 
number  w  of  the  storms  of  character  v,  1.2-2.0,  we  take  for  compari- 

.•  =  2.0 

son  the  sum    ^^wt  for  five  days  of  the  rotation.     If  we  call  days 

•■  =  1.2 

of  which   the  character  numbers  lie  between   the  lirnits   1.2-2.0 

"disturbed  days",  then  the  numbers  ^^n  v  of  Table  4  become  a 

unit  of  measurement  for  the  yearly  mean  of  this  amount  of  dis- 
turbance for  the  five-day  phase  intervals  referred  to. 


Table  4. —  Yearly  average  of  disturbance  for  a  five-day  phase  interval. 


Rotation  Days 

A-Half 

B-Half 

A- 

B- 

A- 

(29-3) 

(4-8) 

(9-13) 

(14-18) 

(19-23) 

(24-28) 

Half 

Half 

B 

^,  „  11906-1907 
^^'^    \l908-1909 

61 

121 

121 

144 

103 

83 

303 

330 

121 

152 

139 

81 

55 

146 

412 

282 

1910-1911 

145 

160 

179 

88 

42 

52 

484 

182 

2.7 

Min.  U912-1913 

49 

94 

92 

20 

40 

33 

235 

93 

2.5 

[           1914 

109 

51 

51 

25 

12 

50 

211 

87 

2.4 

Max/^^^^-^"^^^ 

125 

159 

171 

122 

18S 

136 

455 

446 

180 

189 

173 

131 

173 

136 

542 

440 

Max.    1906-1909 

91 

132 

130 

113 

79 

115 

353 

307 

1.15 

Min.    1910-1914 

101 

102 

107 

44 

31 

45 

310 

120 

2.6 

Max.    1915-1918 

152 

174 

172 

127 

180 

136 

498 

44  S 

1.12 

Fig.  1. 

Spot-Maxinuim, 

1906-1909. 


Fig.  2. 

Spot-Minimum, 

1910-1914. 


Fig.  3. 

Spot-Maximum, 

1915-1918. 
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At  the  times  of  maximum  1908-1909  and  1915-1918,  both  the 
A-  and  5-halves  have  one  maximum.  The  degree  of  disturbance 
in  the  yl-half  is  more  strongly  marked  throughout  than  that  in  the 
5-half. 

The  contrast  between  the  A-  and  5-halves,  perhaps,  comes  out 
even  more  markedly  in  the  distribution  of  storms  of  character 
1.5  to  2.0  upon  A  and  B.  In  the  next  table  the  number  of  storms 
for  each  grade,  1.5,  1.6,  1.7,  1.8,  1.9,  2.0,  is  given  separately.  It  is 
remarkable  how  similar  A  and  B  are  to  one  another,  both  at  the 
maximum  of  1906-1909  and  at  that  of  1915-1918.  On  the  contrary, 
at  the  time  of  minimum  the  contrast  between  A  and  B  becomes 
very  pronounced. 

Table  5. — Distribution  of  annual  average  of  the  number  of  storms  of  character 
1.5-2.0  upon  A  and  B. 


Character  Grade 

1.5 

1.6 

1.7 

l.cS 

1.9 

2.0 

1.5-2.0 

Max.  Time, 

A-Half 

1.75 

2.30 

2.00 

1.75 

0.75 

0.75 

9 .  30 

1906-1909, 

B      " 

1.75 

1.75 

2 .  00 

2.00 

0.50 

0.75 

8.75 

Min.  Time, 

A      " 

1.60 

1.60 

1 .  60 

2  .  00 

1  .  00 

0.00 

7.80 

1910-1914, 

B      " 

1 .  00 

0  60 

0.20 

0.00 

0.00 

0.00 

1.80 

Max.  Time, 

A      " 

4.00 

2.50 

1.75 

0.75 

2.50 

1.25 

12.75 

1915-1918, 

B      " 

4.00 

2.00 

2.00 

1  .  00 

1.25 

1.75 

12.00 

F'igs.  1  to  3  show  graphically  the  distribution  of  the  storms  of 
character  1.7  to  2.0  on  each  individual  day  of  the  30-day  periods 
at  maximum  and  at  minimum.  If  it  is  true  that  the  Sun  is  the  source 
of  disturbance,  then  the  figures  give  an  illustration  of  the  distribu- 
tion of  such  sources  upon  a  Sun  rotating  in  30  days.  Briefly,  it  may 
be  said  on  the  basis  of  the  above  data  that  the  greater  magnetic 
storms  (characters  1.2  to  2.0)  have  a  30-day  period,  which  is  shown 
more  conspicuously  at  minimum. 

If  the  seat  of  disturbance  is  situated  in  the  Sun,  then  in  the 
time  of  minimum  1910-1914,  only  the  yl-half  of  a  layer  rotating  in 
30  days  has  been  found  active,  whereas  at  the  times  of  maxima 
both  halves  have  been  equally  active.  Each  half  contains  then  a 
center  of  activity,  which  is  almost  diametrically  opposite  to  that 
of  the  other  half.     The  activity  of  each  center  of  activity  varies 
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with  the  time,  but  each  in  a  different  way.  The  difference  between 
the  activity  coming  from  the  /I -half  and  that  from  the  B-haU  is 
small  but  appreciable  at  maximum,  but  very  distinct  at  minimum 
(that  is,  B  is  inactive). 

It  appears  that  at  least  during  the  minimum  of  1910-1914  the 
real  centers  of  activity  did  not  cross  the  boundaries  of  the  ^-half ; 
hence  they  must  have  their  positions  constant,  at  any  rate  in 
heliocentric  longitude.  This  proves  that  they  are  not  situated  in 
the  light  and  movable  layer  of  the  flocculi  and  faculse,  but  at 
greater  depths  where  greater  pressure  can  render  certain  a  more 
constant  position.  The  30-day  period  also  gives  evidence  as  to  the 
greater  depth  of  the  center  of  activity.  At  greater  depths,  under 
greater  pressure,  it  is  perhaps  possible  to  expect  a  constant  duration 
of  rotation,  w^hich  according  to  Adams  and  St.  John  must  be 
greater  than  that  of  the  higher  layer,  hence,  greater  than  27  days. 

(f)     the  small  storms. 

In  addition  to  the  30-day  period  of  those  storms  which  are  con- 
sistent as  to  their  time-length  for  the  long  series  of  years  from 
1906  to  1918,  there  is  another  far  less  consistent  period  of  about 
27  days  to  be  found  among  the  repetitions  of  much  smaller  storms, 
and  this  endures  mostly  for  a  few  cycles  only.  Within  the  limits  of 
these  shorter  cycles,  this  period  often  stands  out  with  extra- 
ordinary clearness. 

At  the  time  of  minimum  solar  acti\'ity,  the  maximum  and 
minimum  of  the  horizontal  intensity  from  day  to  day  show  an 
easily  distinguishable  period  of  27  days— especially  at  stations  in 
the  tropics.  This  is  also  the  case  with  the  daily  mean  of  the  hori- 
zontal intensity.  The  curves  of  the  24-hourly  mean  from  6 
to  6  hours  at  Potsdam,  Batavia,  and  Apia,  and  the  curves  of  the 
daily  maximum  and  minimum  at  Apia  were  tested  for  this  27-day 
repetition  of  storms.  Generally,  it  may  be  said,  especially  at  the 
times  of  increasing  activity,  there  is  a  good  deal  that  is  arbitrary 
in  the  selection  of  the  times  which  may  be  recognized  as  the  be- 
ginnings of  a  series  of  repetitions.  But  in  the  year  1911  there  could 
be  no  doubt  as  to  the  selection  of  a  point  of  time  where  such  a  series 
of  repetitions  commences.  Table  6  gives  the  time-interval  between  a 
storm  and  its  next  repetition.  This  rough  evaluation  already 
shows  practically  the  same  result  for  all  three  stations.  The  close 
agreement  of  the  mean  values  is,  no  doubt,  to  some  extent  ac- 
cidental. 
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Table  6. — Repetitions  of  storms,  1911,  in  days. 
Potsdam 
28 

27 

26K 

27 

28 

27K 

26 

25}4 

27 

26^ 

27>^ 

28 

Mean       27.0 


atavia 

Apia 

27K 

28 

28 

27 

26 

27 

26 

29 

28 

26 

28 

27 

28>^ 

26 

26 

26K 

263^ 

26K 

26K 

26K 

27K 

28 

27>< 

27 

27 

27 

27 

26             IVl 
0/;             

ean       27.0 

Mean       27.0 

The  observatories  of  the  United  States  give  in  their  pubHcations 
a  summary  of  the  principal  magnetic  storms.  The  American 
station  situated  in  the  lowest  latitude  is  Porto  Rico.  The  storms 
are  rated  1  to  4,  relatively  to  their  magnitude,  No.  4  being  the 
strongest.  The  number  of  storms  of  magnitudes  1-4  observed 
at  Porto  Rico  in  the  year  1911  amounts  to  32,  of  which  12  are 
rated  2  and  3,  and  the  remaining  20  are  rated  1. 

Of  these  storms  there  are  12  which  may  be  arranged  under 
Series  I  of  Table  7,  and  7  others  under  Series  II.  (To  Series  I  one 
storm,  which  occurred  in  Dec,  1910,  has  been  added.)  These  two 
series  include  19  of  the  32  storms  of  the  year  191 1 ,  and  these  are  actu- 
ally 11  out  of  the  12  strongest  storms  of  grades  3  and  2  included  in 
the  two  series.  Table  7  gives  the  moment  of  commencement  accord- 
ing to  the  list  published  for  the  Porto  Rico  Observatory;  the  differ- 
ences of  time  between  two  consecutive  storms  is  computed  therefrom. 
The  means  of  these  differences  came  to  27*^  3''  for  Series  I,  and 
27*^  U'^  for  Series  II.  The  differences  vary  among  themselves  be- 
tween the  limits  29  to  26  days.  A  part  of  this  difference  is  certainly 
due  to  the  uncertainty  in  judging  the  beginning  of  a  storm.  It  is 
seldom  possible  to  say  what  is  the  actual  commencement  of  a 
storm.  But  the  greater  part  of  the  difference  is  dependent  on 
causes  which  must  be  sought  in  the  solar  phenomena  themselves. 

The  Series  I  and  II  follow  one  another  with  a  mean  interval 
of  7  days.  If  the  character  numbers  for  1911  be  plotted  according 
to  rotations  of  27  days,  the  graphs  of  the  two  series  become  two 
lines  of  maxima  which  run  parallel   to  one  another  at  a  distance 
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SBRIES  I 

SERIES  II 

Date 

h 

Gr'd  Char. 

Time   Diff. 

Date 

h 

Gr'd  Char. 

Time 

Diff. 

1910 

ii 

Dec.  28 

II 

1.5 

27  Day 

0 

1911 

1911 

Jan.    24 

II 

1.7 

Jan.    15 

1 

1 

0.9 

27     " 

16 

28  Day  |   18 

Feb.   20 

17 

III 

1.8 

27     " 

3 

Feb.    12 

19 

II 

1.2 

28     ' 

17 

Mar.  19 

203^ 

III 

1.9 

26     " 

21 

Mar.  13 

12 

I 

0.9 

25     ' 

19 

Apr.    15 

17 

II 

1.7 

28     " 

19 

Apr.     8 

/ 

III 

l.V 

28     ' 

5 

May  14 

12 

II 

1.6 

26     " 

0 

May     6 

12 

I 

1.4 

29     ' 

0 

June    9 

12 

II 

1.2 

26     " 

16 

June     4 

12 

I 

1.2 

26     ' 

8 

Jul.       6 

4 

I 

1.0 

June  30 

20 

1 

1.3 

3h 

Jul.     27 

12 

I 

1.6 

26     ' 

16 

Mean.  . 

27  Dav 

II 

1.8 

26     ' 

15 

Aug.  23 

3 

Aug.     4 

0.9  Highest  Ch.  No. 

12 

II 

1.7 

27 

9 

from  Jul.  31— Aug.  18 

Sept.  19 

27 

17 

Aug.   31 

0.9  Aug.  28— Sep.  11 

Oct.    17 

5 

I 

1.4 

27 

3 

Sep.    27 

0.5  Sep.  24— Oct     1 

Dec.   10 

11 

II 

1.9 

27 

3 

Mean.  . 

27  D 

ay     n^ 

equivalent  to  a  6-  or  7-day  interval.  In  Table  7,  the  international 
character  number  and  the  amount  of  disturbance  according  to  the 
American  scale  I-IV  will  be  found.  Series  I  shows  without  inter- 
ruption first  an  increase  of  strength  from  repetition  to  repetition, 
and  then  a  sharp  decreasing.  In  Series  II  a  less  regular  rise  and  fall 
take  place.  As  to  the  reality  of  a  mean  period  of  27  days  in  the 
repetition  of  storms,  these  two  series  leave  hardly  any  doubt. 

In  a  similar  manner,  the  especially  quiet  times  may  be  seen 
recurring  at  intervals  of  27  days,  for  example,  the  character  num- 
bers arranged  according  to  the  27-day  period  show  this,  although 
the  minima  naturally  are  marked  less  clearly  and  sharply  than  the 
storms. 

Chree  {Phil.  Trans.,  vol.  213,  p.  245)  has  made  a  study  of  the 
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magnetic  character  of  the  days,  preceding  and  following  the  five 
most  disturbed  days  of  each  month,  and  has  found  that  in  the 
mean  (^906-1911  and  1890-1900)  the  days  preceding  and  following 
the  27th,  54th,  and  81st  are  more  strongly  disturbed  than  any  of 
the  others  (except  the  two  days  immediately  preceding  and  follow- 
ing). Also  he  found  that  among  the  days  which  precede  and  follow 
the  quietest  days,  those  before  and  after  the  27th,  54th,  and  81st 
are  the  quietest  in  character  (also  except  the  two  days  which  im- 
mediately precede  and  follow  the  starting  point). 

In  order  to  form  an  opinion  whether  this  27-day  period  is 
sharply  defined,  I  transcribe  a  portion  of  the  Table  II  gi\'en  by 
("hree  on  page  261. 

Table  8. — ''Character"  figures  on  previous  and  subsequent  days  associated  luith  the  selected  disturbed 

days  of  the  11  years,  1890-1900. 


No.  of  the  Day 

0 

1.51 
1.51 

21 

21 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

"Character"  No. 
Preceding  Days .  . 
Subsequent  Days. 

0.64 
0.64 

0.69 
0.64 

0.68 
0.63 

0.72 
0.65 

0.79 
0.71 

0.90 
0.83 

0.96 
0.94 

0.89 
0.92 

0.80 
0.84 

0.73 
0.79 

0.64 
0.72 

0.67 
0.70 

0.63 
0.67 

0.63 
0.64 

0.59 
0.61 

0  signifies  the  day  of  disturbance. 

The  rows  show  a  decided  maximum  for  the  27th  day.  If  only 
storms  of  character  greater  than  1.5  were  used,  then  the  years 
1906-1911  show  a  shifting  of  the  maximum  to  the  28th  day. 

T.\uLi-  9 


No.  of  the  Day 

0 

25 

26 

27 

28 

29 

30  i 

Subsequent  Character  Xn. . 

1  .  ()S 

0.56 

0.69 

0  S2 

(1.S7 

().S4 

0.75 

It  seems  then  that  the  stronger  storms  are  repeated  after  rather 
longer  periods,  which  means  that  if  we  accept  the  Sun  as  the  source 
of  the  storms,  the  position  of  this  source  of  stronger  storms  lies  in 
more  slowly  rotating  and  therefore  deeper  layers.  The  same  condi- 
tion is  brought^into  prominence  by  the  following  table.  A  six-year 
interval,  May,  1909-1915,  arranged  according  to  30-day  periods, 
contained  15  great  storms  in  the  first  half,  that  is  days  1  to  15  of  the 
rotation,  but  in  the  second  half,  that  is,  days  16  to  30  of  the  rotation, 
there  is  only  one  large  storm.  On  the  contrary,  the  smaller  storms 
are  distributed  much  more  equally.  Out  of  a  total  of  48,  there  are 
30  on  the  first  half  and  18  on  the  second  half. 
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Table  10. — Distribution  of  storms  on  the  individual  rotation  days. 


30-Day  Rotation. 
(May  25,  1909— May  22,  1915.) 

Number  of  Storms. 

27-Day  Rotation. 
(Dec.  12,  1914— Jul.  2,  1916.) 

Number  of  Storms. 

Character 
No. 

1-30  Rot. 
Day 

1-15  Rot. 
Day 

16-30  Rot. 
Day 

Character 
No. 

1-27  Rot. 
Day 

14-20  Rot. 
Day 

21-27-13 
Rot.  Day 

2.0—1.8 
1.7—1.5 

16 

48 

15 
30 

1 
18 

2.0—1.8 
1.7—1.5 

11 
26 

6 

18 

5 
8 

A  shorter  interval — 13/2  years,  from  December,  1914  to  June, 
1916 — arranged  according  to  27-day  period,  shows  quite  the 
reverse  distribution.  The  great  storms  distribute  themselves  niore 
equally  than  the  small  ones.  In  this  time  one  center  of  the  Sun  is 
especially  active  (14-20  day  of  rotation,  almost  }i). 

Among  the  11  great  storms  of  character  2.0-1.8,  there  are  6 
from  this  center,  while  the  other  5  are  distributed  over  the  re- 
mainder of  the  Sun.  Among  the  26  smaller  storms  of  character 
1.7-1.5,  there  are  on  the  contrary  18  from  this  center  and  only  8 
from  the  remainder  of  the  Sun.  If  the  character  numbers  be 
arranged  according  to  the  30-day  rotation,  then  the  greater  storms 
are  grouped  better  than  the  small  ones,  at  least  at  certain  times. 
But  if  they  be  arranged  according  to  the  27-day  rotation,  then  the 
small  storms  are  grouped  better  than  the  great  ones.  Therefore 
the  great  storms  have  a  longer  period  or  their  source  lies  in  a  layer 
of  the  Sun  deeper  than  that  of  the  small  storms. 

The  Series  A  (November  30,  1909)  and  B  (Sept.  25,  1909)  lead 
to  the  same  result.  All  the  storms  of  character  1.8-2.0  may  be 
regarded  as  repetitions  of  these  two  storms.  If  we  take  the  midway 
date,  Sept.  27,  1909,  as  the  starting  point,  and  let  T  be  the  interval 
between  this  starting  point  and  the  observed  days  of  disturbance 
throughout  the  time  specified,  then  T,,  T,  .  .  .  are  almost 
invariably  multiples  of  30  days.  The  mean  residual  was  de- 
termined, taking  each  value  from  30  days  and  disregarding  the  signs, 
also  the  moduli  26,  26.5,  and  27  were  treated  in  the  same  manner. 


Table  11. 


Modulus 


26.0 
26.5 
27.0 
30.0 


Mean  residual 


6.3 
6.5 
6.2 
2.8 
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As  these  figures  show,  the  mean  residuals  for  the  moduli  26, 
26.5,  and  27  are  almost  equal  to  6.5,  6.6,  and  6.75,  that  is,  they  are 
nearly  a  quarter  of  the  length  of  the  period,  which  was  to  be  ex- 
pected. For  the  modulus  30,  on  the  contrary,  it  is  very  much 
smaller,  only  2.8  instead  of  7.5.  This  shows  that  the  dates  of  the 
storms  are  capable  of  being  arranged  in  periods  of  30  days,  much 
more  consistently  than  in  those  of  26,  26.5,  or  27  days. 

(g)     recurrence  of  storms  and  the  sun's  rotation. 

The  deduced  result  then  of  the  investigation  up  to  the  present 
is  that  the  greater  storms  are  experienced  at  intervals  which  are 
multiples  of  30  days,  and  that  these  series  of  recurrences  endure 
for  a  considerable  time.  But  it  also  shows  that  the  distribution  of 
magnetic  disturbances  over  recurring  periods  approximately  equal 
to  the  Sun's  rotation  of  27  days  can  only  last  for  a  much  shorter 
extent  of  time,  without  irregularities  entering  in.  Moreover,  this 
result  is  equally  true  as  regards  the  periods  of  disturbances  and  of 
calm,  when  taken  according  to  this  27-day  period.  From  these  con- 
siderations, it  would  be  natural  to  look  for  the  causes  of  the  short- 
lived 27-day  periods,  which  continue  for  brief  intervals  only,  in 
the  higher  and  more  variable  layer  of  the  Sun,  whereas  the  origin 
of  the  more  permanent  30-day  periods  may  be  sought  in  the  deeper 
layers.  And  it  may  l)e  presumed  that  these  deep-lying  centers 
eject  the  sources  of  disturbance  into  a  higher  layer  which  rotates  in 
approximately  27  days,  in  which  they  continue  to  exist  for  only  a 
few  more  rotations. 

For  the  present  purpose  it  is  immaterial  what  the  physical 
nature  of  the  storms  may  be.  They  may  be  an  electrical  radiation 
similar  to  the  a  or  /3  rays  coming  from  certain  areas  of  the  Sun's 
surface,  they  may  be  a  long  coronal  streamer  reaching  to  our 
atmosphere,  or  they  may  be  a  shadow  effect  caused  by  a  cloud  or 
vapor  hanging  in  the  Sun's  atmosphere  which  affects  the  ionization 
of  the  Earth's  atmosphere  through  the  normal  radiation.  Or  again, 
they  may  be  attributed  to  dust  particles,  coming  from  eruptive 
centers  on  the  Sun,  which  an-  drixen  off  ))>•  light  pressure  and 
penetrate  the  Earth's  atmosphere.  The  only  theory  which  will  be 
taken  for  working  hypothesis  and  for  demonstration,  is  that  there 
are  centers  of  activity  situated  at  a  considerable  depth  in  the  Sun 
whose  actixity  produces  x'ariations  from  time  to  time  in  the  less 
dense  layer  abo\e  (the  effects  may  be  either  electrical  sources  of 
disturbance  or  clouds). 
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These  varieitions  are  the  real  sources  of  disturbance,  they  last 
only  a  few  rotations,  while  the  centers  of  activity  in  the  deeper 
layers  last  for  several  years.  The  lower  layer  rotates  in  about  30 
days,  the  higher  in  about  27  days. 

It  is  not  probable  that  there  is  any  proper  motion  of  these 
deeper  lyin<?  and  hence  not  very  movable  centers  of  activity  in 
longitude  and  latitude;  these  centers  must  have,  therefore,  a  more 
constant  value  for  their  period  of  rotation,  and  after  exactly  30  days 
they  should  still  be  found  in  the  same  heliocentric  latitude  and 
longitude.  If  the  greater  storm  centers  still  return  after  periods 
which  are  not  exact  multiples  of  30  days,  but  which  show  a  re- 
tardation of  1  or  2,  or  even  3  days,  then  possibly  the  following 
explanation  may  be  offered.  It  is  only  when  the  storm  center  is 
situated  in  the  same  position  with  reference  to  the  Earth  at  the 
first  and  second  of  the  two  consecutive  outbreaks,  that  the  time- 
interval  will  show  an  exact  multiple  of  30  days,  for  it  is  only  in  this 
case  that  the  cause  of  disturbance  brought  by  the  eruption  from  the 
deeper  30-days  layer  into  the  higher  27-days  layer  has  been  during 
an  equal  time-interval  in  this  higher  layer  in  both  cases.  In  all 
other  cases  it  must  be  situated  for  either  shorter  or  longer  times 
in  this  more  rapidly  rotating  upper  layer  and  must  reach  the  sam.e 
heliographic  longitude  for  magnetic  storms  effective  at  intervals 
earlier  or  later  than  those  which  are  exact  multiples  of  30  days. 
The  maximum  acceleration  or  retardation  may  then  amount  to 
30-27=3  days.  As  a  m.atter  of  fact.  Table  1  shows  only  one 
irregularity  exceeding  this.  Another  cause  of  irregularity  may  be 
found,  of  course,  in  the  fact  that  during  the  interval  between  the 
eruption  in  the  deeper  layer  of  the  Sun  and  the  transit  of  the  active 
storm  center  through  the  effective  position  toward  the  Earth,  the 
cause  of  disturbance  (now  in  the  higher  layer)  may  move,  owing  to 
its  own  proper  motion. 

In  this  hypothesis,  which  our  experience  of  the  magnetic  storms ' 
leads  us  to  adopt,  we  may  see  a  confirmation  of  the  theory  men- 
tioned in  Section  A  of  this  paper  and  not  yet  proved — that  the 
velocity  of  the  Sun's  rotation  increases  with  the  height. 

The  next  question  is:  Are  these  27-day  periods  the  same  every 
year? 

The  following  table  shows  the  mean  intervals  between  two 
corresponding  storms  belonging  to  each  other,  according  to  a  rough 
consideration  of  the  consecutive  24  hourly  means,  from  6  to  6  hours, 
and  at  Porto  Rico  according  to  the  figures  quoted  above. 
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Table  12. 


1905 

1907 

1908 

1910 

1911 

1912 

1913 

1915 

Batavia 

25.6 
26.1 

27.2 
27.0 
27.3 
27.2 

27.5 

Apia 

28.0 

26.2 

Porto  Rico 

26.8 

26.8 
27.6 

Potsdam 

28.1 

26.5 

27.3 

There  is  no  probability  of  a  regular  motion  to  be  found  in  these 
figures,  at  least  not  such  as  Plaskett  found  from  his  spectroscopic 
measurements  for  the  rotation  of  the  Sun's  equator,  namely  a 
variation  of  the  synodic  period  of  rotation  from  26.3  to  27.7  days. 
If  the  origins  of  the  storms  share  with  the  sun-spots  the  changes 
of  position  found  by  Sporer,  that  is  from  30°  heliocentric  latitude, 
when  the  curve  begins  to  rise,  to  about  10°  at  the  time  of  next 
minimum,  then  the  period  of  the  storms-recurrence  must  be 
shortened  in  this  time  by  about  1  day.  This  again  seems  not  to  be 
supported  by  Table  12.  It  is  not  at  all  to  be  expected  that  the 
origins  of  the  storms  can  be  sought  in  these  spots. 

Here  let  me  point  out  one  contradiction  that  may  be  found 
between  the  observations  and  our  hypothesis.  According  to  the 
theory,  it  might  be  expected  that  the  center  of  activity  of  the 
lower  layer  (of  30  days  rotation),  propelled  by  an  outbreak  into  the 
higher  layer  (of  27  days  rotation)  has  its  greatest  power  to  disturb 
at  the  beginning  and  is  then  constantly  decreasing  in  power  from 
rotation  to  rotation.  In  the  case  of  the  great  storms,  the  in- 
tensity should  decrease  from  one  27  days  rotation  to  the  next; 
and  the  preceding  27th,  54th,  and  81st  day  should  not  show  any 
remarkable  disturbance.  This  does  happen  occasionally,  but  the 
general  law  appears  to  be  that  an  increased  strength  of  the  dis- 
turbance from  rotation  to  rotation  up  to  maximum,  and  then  a 
diminished  strength  from  rotation  to  rotation  is  the  normal  course 
of  events,  and  Series  I  shows  this  clearly.  Several  other  ex- 
amples of  the  same  thing  happening  could  be  given. 

Also  the  result  of  Chree's  investigations  shows  in  the  mean  of 
several  years  that  the  disturbance  of  the  preceding  81st,  54th,  and 
27th  days  increases  from  rotation  to  rotation,  and  then  the  max- 
imum on  the  day  of  the  disturbance  diminishes  in  the  same  manner 
through  the  following  27th,  54th,  and  81st  days.  It  may,  of  course, 
have  various  causes  for  increasing  and  diminishing.  The  sources  of 
disturbance  in  the  layer  which  rotates  in  27  days  may  dev^elop  at  a 
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steady  rate  (for  instance,  cloud  formation  due  to  cooling),  up  to  a 
maximum  value,  and  may  then  disappear  equally  gradually.  Or 
another  cause  might  be  found  in  the  variation  of  heliographic 
latitude  of  the  storm  centers,  which  would  bring  them  to  their 
most  efficient  positions  toward  the  earth  and  then  equally  gradually 
move  out  of  this  position.  Or  again,  the  yearly  variation  of  the 
positions  of  the  axes  of  rotation  and  the  magnetic  axes  of  Sun  and 
Earth  towards  one  another  might  produce  a  consecutive  increase 
and  diminution  in  the  strength  of  the  storms.  In  the  last  case,  the 
increase  and  decrease  must  be  capable  of  being  expressed  as  a 
function  of  the  season  of  year.  These  are  all  points  to  which  further 
researches  might  be  devoted,  and  which  might  perhaps  lead  to  a 
modification  of  our  hypothesis. 

In  a  previous  research  (solar  activity,  radiation,  etc.),  it  was 
shown,  as  has  already  been  mentioned,  that  spots,  faculse,  solar 
radiation  and  terrestrial  magnetism  show  a  26-  or  27-day  period  for 
the  duration  of  the  Sun's  rotation,  but  that  these  three  phenomena 
are  sometimes  in  the  same  phase,  and  sometimes  in  opposite  phases. 
In  1911  the  more  thinly-spotted  hemisphere  of  the  Sun  corresponded 
with  higher  activity  and  higher  atmospheric  temperatures;  in  1915 
it  corresponded  with  less  activity  and  higher  solar  radiation,  and  in 
1916  with  lower  radiation,  while  minimum  activity  then  occurred 
about  a  quarter  of  a  period  in  advance  of  the  spot  minimum. 
These  discordant  results  in  different  years  make  it  clear  that  the 
periods  of  spots,  radiation,  and  activity,  are  not  precisely  the  same, 
but  are  slightly  different,  so  that  the  positions  of  the  extremes 
move  one  against  the  other  in  time.  The  materials  at  my  dis- 
posal up  to  the  present  are  not  sufficient  to  determine  in  this  way 
the  difference  of  these  three  periods  with  certainty,  and  to  deduce 
therefrom  the  heights  of  the  layers  to  which  these  three  periods 
belong. 

The  observations  on  which  the  above  suppositions  are  founded 
are  not  by  any  means  sufficiently  perfect  or  continuous.  The  sup- 
positions have  been  put  forward  here  because  they  might  be  useful 
to  form  a  more  comprehensive  working  hypothesis  which  I  may  here 
set  down  as  the  conclusion  of  this  paper. 

Working  Hypothesis. — The  variations  which  take  place  upon 
the  Sun  take  for  us  the  forms  of  spots  and  flocculi,  and  of  fluctua- 
tions in  the  solar  radiation,  atmospheric  temperature  and  magnetic 
activity.  The  spots  and  flocculi  and  these  other  variations  may  have 
a  common  origin,  which  is  situated  in  a  layer  beneath  the  spot- 
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level,  which  rotates  in  30  days.  The  seat  of  common  origin  \-aries 
but  little  over  a  period  of  several  years.  By  eruptions  of  these 
centers,  variations  are  caused  in  the  higher  layers  where  the  rotation 
is  slower.  These  variations  take  place  in  various  layers;  in  the 
reversing  layer  they  are  seen  as  spots  and  faculse;  in  higher  layers 
they  take  the  form  of  sources  of  fluctuation  of  the  magnetic  activity, 
and  in  still  higher  layers  they  may  take  the  form  of  clouds,  and  be 
the  cause  of  the  fluctuations  in  the  solar  radiation. 

As  the  faculse  or  flocculi,  the  causes  of  magnetic  activity  and  the 
fluctuations  of  the  radiation,  participate  in  the  rotation  of  their 
respective  levels,  they  all  show  periodicities  dependent  upon  the 
rotation  periods  of  their  layers.  Hence  we  assume  that  the  higher 
layers  rotate  more  rapidly:  the  spots  and  areas  of  flocculi  ha\'c  the 
longer  period,  the  magnetic  activity  has  a  shorter  period,  and 
perhaps  the  variations  of  solar  radiation  have  a  shorter  period 
still.  As  these  lengths  of  period  differ  from  one  another,  their 
extremes  move  one  against  the  other.  Consequently,  the  spot- 
areas,  the  activity  and  radiation  are  sometimes  in  phase,  sometimes 
in  opposition.  The  discrepancy  as  regards  length  of  period  may  also 
be  caused  more  or  less  by  the  fact  that  the  sources  of  activity  are 
restricted  to  latitudes  lower  than  those  of  the  spots  and  faculae. 
The  centers  of  activity  in  the  layer  which  rotates  in  30  days,  fre- 
quently prove  effective  after  long  pauses  in  their  activity.  The 
frequency  and  intensity  of  this  activity  show  an  eleven-year 
period.  Consequently,  the  spots,  the  magnetic  activity,  and  the 
radiation  also  follow  this  eleven  yearly  fluctuation. 

The  experience  that  the  11 -year  period  of  sun-spots,  magnetic 
activity,  and  atmospheric  temperature  stands  out  clearly  and  that 
the  relativ^e  positions  of  their  extremes  remain  constant,  although 
success  has  not  been  attained  in  dealing  with  these  three  phenomena 
singly  from  case  to  case,  is  now  capable  of  a  natural  explanation. 
For  if  we  integrate  over  longer  time-intervals,  of  several  rotating 
periods,  the  difference  in  time-lengths  of  the  periods,  being  of  the 
order  of  a  few  days,  is  not  effective,  and  the  parallelism  of  the  three 
phenomena  is  apparent.  But  if,  on  the  contrary,  we  try  to  find  a 
definite  connection  between  a  given  spot  and  a  given  magnetic 
storm,  both  of  which  may  be  the  effect  of  one  and  the  same  cause, 
then  the  difference  in  phase,  owing  to  the  difference  in  the  time- 
length  of  their  periods,  becomes  appreciable  in  a  most  disturbing 
way,  especially  as  this  difference  in  phase  may  be  variable  from 
case  to  case. 
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Summary  of  Conclusions. 

(1)  The  greater  magnetic  storms,  character  1.8-2.0,  are  repeated 
after  integer  multiples  of  30  days. 

(2)  If  the  character  numbers  be  arranged  in  periods  of  30  days 
and  these  periods  div'ided  into  two  halves,  A  and  B,  of  15 
days  each,  then  the  yl-half  produces  all  the  great  storms  which 
occurred  during  the  spot  minimum  of  1910-1914.  In  the  times 
of  maxima,  1906-1909  and  1915-1918,  the  ^-half  produces 
only  a  very  small  excess  of  storms  over  the  number  coming 
from  B. 

(3)  The  eleven-year  period  is  perceptible  in  A  as  well  as  in  B,  but 
is  more  strongly  marked  in  B.  It  is  possible  to  attribute  the 
greater  storms  to  different  longitudes  of  a  layer  of  the  Sun 
rotating  in  30  days.  Then  at  the  time  of  minimum  only  one- 
half  of  the  Sun  would  contain  centers  of  activity,  but  at 
maximum  both  centers  would  be  found  active.  The  11-year 
period  is  found  in  both  these  halves,  strong  in  one,  slight  in 
the  other. 

(4)  As  shown  previously  by  C.  Chree,  the  distribution  of  magnetic 
activity  over  an  interval  of  time  approximately  equal  to  the 
duration  of  the  Sun's  rotation,  is  repeated  in  a  period  of  27 
days,  and  sometimes  these  repetitions  continue  without  much 
change  ov^er  several  consecutive  rotations.  It  is  possible  to 
attribute  the  disturbed  as  well  as  the  quiet  days  to  different 
heliographic  longitudes  of  a  solar  layer  which  rotates  in 
27  days. 

(5)  It  is  probable  that  the  30-day  period  in  magnetic  activity 
corresponds  to  a  layer  more  deeply  situated  in  the  Sun,  and 
the  27-day  period  to  a  higher  layer. 

(6)  In  the  year  1911  a  very  clearly  marked  series  of  storms  (I) 
began,  which  followed  one  another  at  intervals  of  27  days. 
The  strength  of  these  storms  increases  from  rotation  to  rotation 
up  to  a  maximum  strength,  and  then  diminishes  equally 
regularly  and  in  the  same  manner  from  rotation  to  rotation. 
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1.  Annual  Meetings  of  the  American  Geophysical  Union  and  its  Sections. 
The  American  Geophysical  Union  and  its  several  sections  met,  March  6-8,  1922, 
at  the  offices  of  the  National  Research  Council,  Washington,  D.  C,  to  hear 
reports  of  committees,  to  consider  the  agenda  for  the  meetings  in  Rome,  May, 
1922,  of  the  International  Geodetic  and  Geophysical  Union,  and  to  elect  officers. 
The  meetings  were  well  attended  and  several  of  the  sections  reported  gratifying 
progress  in  their  respective  fields.  The  delegates  selected  to  represent  the  Union 
and  its  sections  at  the  Rome  meetings  are: 

Geodesy,  Wm.  Bowie,  United  States  Coast  and  Geodetic  Survey,  Washington, 
D.  C. ;  Seismology,  Harry  Fielding  Reid,  Johns  Hopkins  University,  Baltimore, 
Md.;  Meteorology,  H.  H.  Kimball,  United  States  Weather  Bureau,  Washington, 

D.  C;  Terrestrial  Magnetism  and  Electricity,  Louis  A.  Bauer,  Carnegie  Institu- 
tion, Washington,  D.  C;  Physical  Oceanography,  G.  W.  Littlehales,  Hydro- 
graphic  Office,  Washington,  D.  C;  and  Volcanology,  H.  S.  Washington,  Geo- 
physical Laboratory,  Washington,  D.  C. 

The  officers,  beginning  July  1,  1922,  are: 

The  Union,  Louis  A.  Bauer  (chairman),  A.  L.  Day  (vice-chairman),  Wm. 
Bowie  (secretary);  Geodesy,  John  F.  Hayford  (chairman),  R.  L.  Faris  (vice- 
chairman),  Wm.  Bowie  (secretary);  Seismology,  W.  J.  Humphreys  (chairman), 
J.    B.    Woodworth    (vice-chairman),    D.    L.    Hazard    (secretary);  Meteorology, 

E.  H.  Bowie  (chairman),  R.  DeC.  Ward  (vice-chairman),  A.  J.  Henry  (secretary); 
Terrestrial  Magnetism  and  Electricity,  W.  F.  G.  Swann  (chairman),  Louis  A. 
Bauer  (vice-chairman),  J.  A.  Fleming  (secretary);  Physical  Oceanography,  ].  P. 
Ault  (chairman),  G.  W.  Littlehales  (vice-chairman),  W.  E.  Parker  (secretary); 
Volcanology,  L.  H.  Adams  (chairman),  T.  A.  Jaggar  (vice-chairman),  R.  B. 
Sosman  (secretary);  and  Geophysical  Chemistry,  H.  S.  Washington  (chairman). 
Whitman  Cross  (vice-chairman),  R.  B.  Sosman  (secretary).     • 

2.  Institut  de  Physique  du  Globe.  The  courses  and  work  at  the  recently 
established  Institut  de  Physique  du  Globe  of  the  University  of  Paris,  were 
inaugurated  on  November  21,  1921.  M.  Maurain,  director  of  the  Institut, 
will  give  lectures  on  the  general  physical  properties  of  the  Globe;  terrestrial 
magnetism  and  atmospheric  electricity.  M.  R.  Dongier,  physicist,  will  give 
lectures  on  the  physical  properties  of  the  atmosphere;  actinometry  and  optical 
phenomena.    M.  Brasier,  assistant  physicist,  will  direct  the  work  in  the  laboratory. 

3.  Personalia.  Prof.  Alfred  Angot  has  retired  as  honorary  director  of  the 
Bureau  Central  Mctcorologique  of  Paris.  The  Bureau  itself  has  been  discontinued 
and  the  magnetic  work  which  was  previously  done  by  it  has  been  taken  over  by 
the  Institut  de  Physique  du  Globe  of  the  University  of  Paris,  which  is  located 
provisionally  at  176  rue  de  1'  Universite.  Victor  F.  Hess,  technical  director  of 
the  United  States  Radium  Corporation,  has  been  appointed  consulting  physicist 
of  the  United  States  Bureau  of  Mines.  John  A.  Fleming  was  appointed,  on 
January  1,  1922,  assistant  director  for  field  and  administrative  work  in  the  De- 
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partment  of  Terrestrial  Magnetism,  in  order  to  afford  the  director,  Dr.  Bauer, 
additional  time  for  investigational  work.  N.  11.  Heck  was  appointed  in  1921, 
chief  of  the  division  of  terrestrial  magnetism.  United  States  Coast  and  Geodetic 
Survey. 

4.  MacMillan  Baffin  Land  Expedition.  The  Commissioner  of  Customs 
and  Excise  of  Canada  has  informed  us  that  he  received,  late  in  January,  a  letter 
from  the  Special  Customs  Officer  at  Port  Burwell,  dated  November  18,  1921. 
The  Special  Customs  Officer  states  that  he  had  received  information  from  the 
the  Hudson  Bay  post  manager  at  Amadjuak  that  Dr.  MacMillan  was  spending 
the  winter  at  a  place  called  Nauwatta,  about  eighty  miles  north  of  Cape  Dorset, 
Baffin  Land.  According  to  this  information,  Dr.  MacMillan  intends  to  get  a- 
supply  of  gasoline  from  the  Hudson's  Bay  Co.  next  summer  and  return  to  the 
United  States  next  summer,  if  possible. 

It  was  the  intention  originally  to  establish  winter  quarters  somewhere  along 
Fury  and  Hecla  Strait,  considerably  north  and  west  of  Nauwatta.  The  location 
at  Nauwatta  is,  however,  a  better  one  from  the  scientific  point  of  view  since  the 
program  of  magnetic,  atmospheric-electric,  and  auroral  observations  can  doubt- 
less be  more  effectively  carried  out  there  than  at  a  location  in  Fury  and 
Hecla  Strait,  which  would  be  much  nearer  to  the  magnetic  pole. 

5.  Amundsen's  Arctic  Expedition,  1922.  Captain  Roald  Amundsen  is 
planning  to  leave  Seattle,  where  the  "Maud"  has  been  undergoing  repairs,  in 
June,  1922,  and  make  another  attempt  to  drift  across  the  Polar  Sea.  The  main 
object  of  the  expedition  is  the  study  of  the  physical  conditions  of  the  Arctic  Sea 
by  determining  depths,  temperatures,  salinities,  and  currents.  In  addition  to 
this  oceanographical  work,  a  number  of  observations  of  geophysical  interest  are 
to  be  undertaken,  namely,  magnetic  and  atmospheric-electric  observations  to 
be  carried  out  in  cooperation  with  the  Department  of  Terrestrial  Magnetism  of 
the  Carnegie  Institution  of  Washington;  meteorological  obsers^ations,  which  will 
be  extended  to  the  upper  air  by  means  of  pilot  balloons  and  kites;  observations  of 
radiation  of  heat,  including  solar  radiation  during  the  arctic  day,  and  nocturnal 
radiation  during  the  arctic  night,  as  well  as  temperature  variations  in  the  ice 
covering  the  sea,  and  polar  light  observations.  Opportunity  will  also  be  taken  of 
making  pendulum  observations  for  determination  of  gravity  over  a  sea  2,000 
fathoms  deep.  It  is  furthermore  intended  to  make  use  of  airplanes  for  geographical 
exploration,  using  the  vessel  as  base.  Dr.  H.  U.  Sverdrup,  chief  scientist,  who 
has  been  associated  with  the  Department  of  Terrestrial  Magnetism  from  October, 
1921  to  March,  1922,  left  Washington  for  Seattle  on  March  31.  During  two 
visits  to  Washington,  in  January  and  March,  Captain  Amundsen  concluded 
arrangements  for  the  scientific  work  of  his  expedition,  as  briefly  described  above. 
On  March  30  to  April  1,  he  tested  out  on  a  trip  from  New  York  to  Washington 
and  return  one  of  the  two  airplanes  generously  supplied  by  Mr.  J.  M.  Larsen, 
of  New  York. 

6.  Regarding  the  Magnetic  Observations  from  the  "Gjoa"  Expedition. 
According  to  a  statement  in  Norwegian  papers,  the  Norwegian  Government  has 
granted  a  sum  necessary  for  the  final  preparation  for  publication  of  the  magnetic 
observations  from  the  "Gjoa"  Expedition,  the  reduction  of  which  has  been 
recently  completed.  The  publication  itself,  however,  on  account  of  the  present 
high  cost  of  printing,  very  regrettably  will  have  to  be  indefinitely  postponed. 
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7.  Roald  Amundsen's  Nordostpassagen  {The  Northeast  Passage.).  Kristi- 
ania,  Gyldendalske  Boghandel,  1921,  467  pp.,  33  plates  and  5  maps.  25  cm. 
In  July,  1918,  Captain  Amundsen  left  Norway  on  board  his  new  vessel 
the  "Maud",  with  the  intention  to  follow  the  coast  of  Siberia  eastward  to  the 
vicinity  of  Bering  Strait,  proceed  thence  towards  the  north,  let  the  vessel  freeze 
in,  and  drift  with  the  ice  fields  across  the  Polar  Sea  back  to  the  Altantic  Ocean. 
However,  the  ice  conditions  forced  him  to  winter  three  times  in  different  places 
on  the  coast  of  Siberia.  In  July,  1920,  after  having  wintered  twice,  Captain 
Amundsen  called  at  Nome  to  take  on  board  additional  equipment  for  the  drift. 
At  his  arrival  in  Nome,  the  Northeast  Passage  had  been  completed  the  second 
time  in  the  direction  from  the  Atlantic  to  the  Pacific  Ocean.  In  his  new  book, 
which  is  a  worthy  successor  to  his  earlier  publications,  "The  Northwest  Passage" 
and  "The  South  Pole",  Captain  Amundsen  describes  the  voyage  of  the  "Maud" 
from  Christiania,  Norway,  to  Nome,  Alaska.  In  an  entertaining  and  humorous 
way  he  tells  about  the  struggle  against  the  ice  along  the  coast,  the  life  on  board 
during  the  winterings,  bear  hunting,  dogs,  and  traveling  with  dog-teams.  Consid- 
erable information  regarding  the  progress  of  the  scientific  work  is  included  in  the 
text,  particularly  regarding  the  magnetic  work,  in  which  Captain  Amundsen 
always  has  taken  a  great  interest.  A  part  of  the  book  entitled  "Blandt  Rents- 
juktsjere  og  Lamuter"  ("Among  Deer  Chukchis  and  Lamuts")  has  been  written 
by  H.  U.  Sverdrup,  who,  during  the  winter  of  1919-20,  spent  seven  and  one-half 
months  alone  among  the  natives  to  study  their  habits  and  customs. 

The  book,  which  as  yet  has  only  been  published  in  Norwegian,  is  illustrated 
by  numerous  photographs,  and  accompanied  by  several  maps,  which  partly 
represent  the  result  of  the  survey  carried  out  by  members  of  the  Expedition. 

8.  The  Magnetic  Survey  Work  of  the  Department  of  Terrestrial  Magnetism, 
1922.  The  Carnegie,  since  her  arrival  at  Washington  last  November,  has  been 
out  of  commission  and  will  remain  so  until  the  end  of  the  present  year.  During 
the  period  of  temporary  cessation  of  the  ocean  work,  special  effort  will  be  made  to 
complete  certain  important  land  work  and  to  obtain  the  requisite  secular  change 
data  by  rc-occupying  previous  stations.  It  is  expected  that  the  Department  will 
have  six  field  jiartics  in  various  parts  of  the  world. 


PROPOSED    MAGNETIC    AND    ALLIED    OBSERVATIONS 

DURING  THE  TOTAL  SOLAR  PXLIPSE  OF 

SEPTEMBER  21,  1922. 

By  Louis  A.  Bauer  and  J.  A.  Fleming. 

Special  magnetic  and  allied  observations  will  be  made  at 
stations  inside  and  outside  the  shadow  belt  of  the  total  solar  eclipse 
of  September  21,  1922,  by  the  Department  of  Terrestrial  Magnetism 
of  the  Carnegie  Institution  of  Washington,  and  by  various  co- 
operating magnetic  observatories,  institutions,  and  individuals. 
The  distribution  of  the  magnetic  observatories  within  the  limits 
of  the  eclipse  and  on  both  sides  of  the  belt  of  totality  is  unusually 
good,  as  will  be  seen  from  the  accompanying  map  taken  from  the 
American  Ephemeris  and  Nautical  Almanac  for  1922  and  on  which 
the  positions  of  these  observatories  have  been  indicated.  These 
observatories  are:  North  of  the  belt  of  totality,  Alibag,  Dehra  Dun, 
Kodaikanal,  and  Toungoo,  India;  Batavia-Buitenzorg,  Java;  and 
Antipolo,  Philippines;  before  beginning  of  eclipse,  Helwan,  Egypt; 
after  ending  of  eclipse,  Apia,  Samoa;  to  the  south,  Port  Louis, 
Mauritius  Island;  Watheroo,  Western  Australia;  Toolangi,  Victoria; 
and  Christchurch,  New  Zealand.  This  distribution  is  all  the  more 
fortunate  since  the  greater  part  of  the  belt  of  totality  is  over  ocean 
areas.  The  stations  of  the  Department  of  Terrestrial  Magnetism 
will  be  probably:  (1)  Coongoola  (or  CunnamuUa),  Queensland,  in 
the  belt  of  totality;  (2)  Watheroo  Magnetic  Observatory,  Western 
Australia,  south  of  the  belt  of  totality;  (3)  in  cooperation  with 
Government  Astronomer  G.  F.  Dodwell  and  Professor  Kerr  Grant 
of  the  University  of  Adelaide,  South  Australia,  at  some  point  in  the 
belt  of  totality  in  central  Australia. 

The  general  scheme  of  work  proposed  by  the  Department  of 
Terrestrial  Magnetism  is  as  follows: 

1.  Simultaneous  magnetic  observations  of  any  or  all  the  elements 
according  to  the  instruments  at  the  observer's  disposal,  every  minute 
from  September  21,  1922,  1^  28™  to  8^  02'"  A.  M.  Greenwich  civil 
mean  time. 

(To  insure  the  highest  degree  of  accuracy,  the  observer  should 
begin  work  early  enough  to  have  everything  in  complete  readiness 
in  proper  time.  Past  experience  has  sJioivn  it  to  he  essential  that  the 
same  observer  make  the  readiyigs  throughout  the  entire  interval.  If 
possible,  similar  observations  for  the  same  interval  of  time  as  on 
September  21  should  be  made  on  September  20  and  22.) 
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2.  At  magnetic  observatories,  all  necessary  precautions  should  be 
taken  to  insure  that  the  self-recording  instruments  will  be  in  good 
operation  not  only  during  the  proposed  interval,  but  also  for  some 
time  before  and  after,  and  eye-readings  should  be  taken  in  addition 
wherever  it  is  possible  and  convenient.  {It  is  recommended  that,  in 
general,  the  magfietograph  be  nm  on  the  usual  speed  throughout  the 
interval,  and  that,  if  a  change  in  recording  speed  be  made,  every  pre- 
caution possible  be  taken  to  guard  against  instrumental  changes 
likely  to  affect  the  continuity  of  the  base-line.) 

3.  Atmospheric-electric  observations  are  desirable  to  the  fullest 
extent  made  possible  by  the  available  equipment  and  personnel. 
Observations  of  potential  gradient  are  most  easily  provided  for  and 
most  conveniently  taken;  in  addition  to  these,  observations 
(preferably  for  both  signs)  of  either  conductivity  or  ionic  content 
are  also  very  desirable.  Full  notes  regarding  cloud  and  wind 
conditions  and,  if  possible,  observations  for  both  temperature  and 
relative  humidity  should  accompany  the  atmospheric-electric 
observations.  These  observations  should  cover  the  same  interval 
as  the  magnetic  observations.  The  value  of  the  observations  on  the 
day  of  the  eclipse  will  be  greatly  increased  if  similar  observations 
can  be  made  during  the  same  time  of  day  on  two  or  three  days 
before  and  after  the  eclipse. 

4.  Meteorological  observations  in  accordance  with  the  observer's 
equipment  should  be  made  at  convenient  periods  (as  short  as 
possible)  through  the  interval.  It  is  suggested  that,  at  least, 
temperature  be  read  every  fifth  minute  (directly  after  the  mag- 
netic reading  for  that  minute). 

5.  Observers  in  the  belt  of  totality  are  requested  to  take  the  mag- 
netic reading  every  30  seconds  during  the  interval,  10  minutes 
before  to  10  minutes  after  the  time  of  totality,  and  to  read  temper- 
ature also  every  30  seconds,  between  the  magnetic  readings. 

It  is  hoped  that  full  reports  will  be  forwarded  as  soon  as  possible 
for  publication  in  the  journal  of  Terrestrial  Magnetism  and  Atmos- 
pheric Electricity.  Those  interested  are  referred  to  the  results  of 
the  observations  made  during  the  solar  eclipse  of  May  29,  1919, 
which  were  pul)lished  in  the  December,  1919,  and  in  the  June, 
September,  and  December,  1920,  issues  of  this  journal. 

General  Circumstances  of  the  Total  Solar  Eclipse  of  September  21,  1922. 
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The  following  table  of  approximate  local  circumstances  of  the 
eclipse  is  abstracted  from  the  report  of  the  Eclipse  Committee  of 
the  American  Astronomical  Society  published  in  the  October,  1921, 
number  of  Popular  Astronomy. 

Approximate  Local  Circumstances  of  the  Solar  Eclipse  of  September  21,  1922. 


Station 

Latitude 

Longitude 
E.  of  Gr. 

Civil  mean  time 
middle  of  eclipse 

Duration 

Sun's 

Gr. 

Local 

altitude 

Maldive  Islands.  .  .  . 
Christmas  Island. .  . 
WoUal    

3         N 

10  25  S 
19  44  S 

27  45  S 

28  30  S 
28  40  S 
28  50  S 

h      m        s 

4  52 

7  02  40 

8  02  44 

9  44  00 
10  01  20 
10  08  00 
10  12  00 

h         m 

3  24 

4  47 

5  37 

6  17 
6     20 
6     22 
6     22 

Il       111 
8     16 
11     50 
13     40 
16     01 
16     21 
16     30 
16     34 

4 
3 
5 
3 
3 
3 
3 

10 
40 
18 
45 
30 
25 
20 

o 

34 
78 
58 

Coongoola 

26 

Goondiwindi 

Stanthorpe 

Casino          

21 
19 

18 

TOTAL  ECLIPSE  OF  SE1TEMI5ER  20.  1922. 

(Astronomical  reckoning.) 


Magnetic  Otsertatorles  are  Indicate*  ty  clrelee  fO). 
note-   The  hours  of  begrlnnlnK  and  tndlng  ore  expressed  In  Sreenirloh  Kea.-i  Tine. 


ABSTRACT 

Bauer,  L.  A.,  J.  A.  Fleming,  H.  W.  Fisk,  W,  J.  Peters,  and  S.  J.  Barnett: 
Land  Magnetic  Observations,  1914-1920,  and  Special  Reports.  Researches 
of  the  Department  of  Terrestrial  Magnetism,  Vol.  IV,  Publication 
No.  175,  Carnegie  Institution  of  Washington.  Washington,  1921, 
vi  +  475  pp.,  9  plates,  17  figures.    30  cm. 

This  volume  presents,  in  continuation  of  the  previous  volumes  of  "Re- 
searches" (No.  175,  vols.  I,  II,  and  III),  the  results  of  magnetic  observations 
made  by  the  Department  of  Terrestrial  Magnetism,  1914-1920,  and  four  special 
reports.  The  land  stations  for  which  the  results  are  reported  upon  may  be  sum- 
marized as  follows:  Africa,  447;  Asia,  356;  Australasia,  315;  Europe,  24;  North 
America,  113;  South  America,  339;  Islands  of  the  Atlantic  Ocean,  19;  Islands 
of  the  Indian  Ocean,  30;  Islands  of  the  Pacific  Ocean,  104;  the  total  number  of 
land  stations  is  thus  1,747.  The  table  of  results  gives  names  of  stations,  geo- 
graphic positions,  values  of  the  3  magnetic  elements,  dates  and  local  mean  times 
of  observations,  references  to  instruments  used,  and  the  initials  of  observers. 

Data  for  the  determination  of  secular-variation  have  been  obtained  at 
204  C.  I.  W.  repeat  localities,  the  reoccupations  for  each  locality  listed  involving 
from  1  to  4  stations.  The  great  majority,  168,  of  these  were  either  exact  reoc- 
cupations or  close  reoccupations  (within  less  than  30  meters).  For  many  of 
these  localities  the  repeat  observations  were  obtained  not  only  at  several  stations, 
but  also  at  different  times  during  1914  to  1920.  In  addition  to  these  sources  of 
secular- variation  data,  fully  150  more  of  the  stations  have  been  practical  reoc- 
cupations (within  less  than  300  meters)  or  proximate  reoccupations  (within  less 
than  5  kilometers)  of  stations  previously  occupied  by  various  exploring  ex- 
lieditions. 

The  text  preceding  the  table  of  results  gives  a  discussion  of  instrumental 
constants  and  corrections  on  adopted  International  Magnetic  Standards  as 
defined  on  pages  270-278  of  Volume  II.  A  brief  discussion  of  the  accuracy  of  the 
geographic  positions  is  given  particularly  as  regards  longitudes.  Auxiliary  tables 
to  facilitate  revisions  of  field  magnetic  observations  are  given,  together  with 
graphs  for  determining  without  recomputation  the  corrections  necessary  in 
azimuth  and  time  reductions  for  revised  values  of  latitude  or  of  time. 

The  volume  is  concluded  with  four  special  reports.  "Construction  of  non- 
magnetic experiment  building,"  by  J.  A.  Fleming,  describes  the  building  specially 
designed  and  built  for  experimental  investigations  in  magnetism.  H.  W.  Fisk 
discusses  "Dip-needle  errors  arising  from  minute  pivot-defects";  theoretical  in- 
vestigations are  made  of  various  cases  and  illustrated  by  instructive  graphs. 
"A  sine  galvanometer  for  determining  in  absolute  measure  the  horizontal  in- 
tensity of  the  Earth's  magnetic  field,"  by  S.  J.  Barnett,  describes  the  design  and 
construction  of  a  new  sine  galvanometer  and  gives  the  theory  of  the  instrument 
in  detail,  including  the  considerations  leading  to  the  type  of  coils  used  and  a 
discussion  of  possible  sources  of  error;  it  is  readily  possible  to  make  absolute 
determinations  of  horizontal  intensity  with  great  speed  and  with  an  error  less 
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than  one  part  in   10,000,  provided  the  calibrations  of  the  electrical  measuring 
instruments  are  known  with  sufficient  precision. 

The  concluding  special  report  by  J.  A.  Fleming  on  "Results  of  comparisons 
of  magnetic  standards,  1915-1921",  is  in  continuation  of  the  similar  report 
by  L.  A.  Bauer  and  J.  A.  Fleming,  in  Volume  II;  the  results  of  comparisons 
obtained  at  30  magnetic  observatories  during  1905  to  1921  are  summarized. 
The  provisional  "International  Magnetic  Standards",  as  previously  adopted  for 
the  work  of  the  Carnegie  Institution  of  Washington,  are  found  to  meet  with 
sufficient  precision  ail  theoretical  and  practical  requirements. 
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TERRESTRIAL    MAGNETISM     AND     ELECTRICITY    AT 
THE  ROME  MEETING,  MAY,  1922.i 

General  Report  by  Louis  A.  Bauer. 

The  second  triennial  meetings  of  the  International  Astronomical 
Union  and  of  the  International  Geodetic  and  Geophysical  Union, 
established  at  Brussels  in  1919  under  the  auspices  of  the  Interna- 
tional Research  Council,  were  held  at  Rome,  May  2  to  10,  1922, 
in  the  quarters  of  the  Accademia  de  Lyncei,  at  the  Palazzo  Corsini. 
Some  three  hundred  delegates  and  guests  attended  these  highly 
successful  gatherings.  After  preliminary  general  sessions  of  the 
Unions,  the  various  sections  and  committees  had  separate  meetings, 
and  at  the  conclusion  general  sessions  again  were  held  on  May  10 
for  the  transaction  of  matters  pertaining  to  the  entire  unions. 

While  there  were  some  decided  advantages  of  having  the  two 
unions  meet  at  the  same  time  and  in  the  same  place,  many  of  the 
representatives,  because  of  the  necessary  overlapping  of  sessions, 
could  generally  attend  only  the  section  or  committee  in  which  they 
were  specifically  interested.  The  only  time  when  general  inter- 
course became  usually  possible  was  at  the  social  events,  provision 
for  which  had  been  abundantly  made  by  the  National  Committee 
of  Italy.  It  was  considered,  however,  that  the  experiment  might 
be  tried  of  having  in  future  separate  meetings  of  the  two  unions. 
Accordingly,  the  next  meeting  of  the  International  Astronomical 
Union  will  be  held  at  Cambridge,  England,  in  1925,  and  that  of 
the  International  Geodetic  and  Geophysical  Union  at  Madrid, 
Spain,  in  1924 — probably  during  September. 

The  following  general  report  pertains  specifically  to  the  meeting 

'  The  full  report  will  appear  in  a  volume  to  be  published  by  the  International  Section  of 
Terrestrial  Ma&netism  and  Electricity,  containing  the  Proceedings  and  Reports  submitted. 
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of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of  the  In- 
ternational Geodetic  and  Geophysical  Union.  This  section  held 
seven  well-attended  sessions,  May  4-9,  twelve  different  countries 
being  represented  by  thirty-three  delegates  and  guests,  viz.: 

Australia  (J.  M.  Baldwin,  G.  F.  Dodwell,  E.  F.  Pigot) ;  Belgium 
(J.  Jaumotte) ;  Brazil  (H.  Morize) ;  France  (J.  Boslcr,  H.  Deslandres, 
E.  Delcambre,  E.  Mathias,  Ch.  Maurain);  Great  Britain  (C.  Chree, 
A.  L.  Cortie,  W.  C.  Parkinson,  Arthur  Schuster,  Xapicr  Shaw,  G.  C. 
Simpson);  Italy  (A.  Alessio,  F.  Eredia,  L.  Palazzo,  D.  Pacini,  G. 
Platania,  A.  Pochettino,  G.  B.  Rizzo,  C.  Somigliana);  Japan  (K. 
Nakamura);  Poland  (J.  Krassowski);  Spain  (J.  Galbis,  L.  Rodes); 
Sweden  (D.  Stenquist,  A.  Wallen) ;  United  States  (L.  A.  Bauer,  G.  W. 
Littlchales) ;  Canada  (E.  Deville). 

Organi~ation. — Professor  Tanakadate,  who  was  unable  to  be 
present  at  Rome,  had  requested  to  be  relieved  of  the  presidency 
of  the  section,  because  of  his  inability  to  attend  to  the  duties. 
The  resignation  was  regretfully  accepted  and  Dr.  Charles  Chree, 
who  as  vice-president  had  presided  at  all  sessions,  was  elected  at 
the  closing  session  on  May  9  president,  and  Professor  Luigi  Palazzo, 
vice-president;  both  of  these  officers,  according  to  the  statutes, 
serve  for  two  terms.  The  secretary  and  director  of  the  Ontral 
Bureau,  Dr.  Louis  A.  Bauer,  continues  in  office  until  the  next 
meeting,  which  will  be  at  Madrid,  Spain,  about  September,  1924. 
Directors  J.  Jaumotte  (Belgium)  and  Ch.  Maurain  (France),  and 
Professor  A.  Tanakadate  (Japan),  in  addition  to  the  three  officers 
of  the  Section,  were  constituted  the  Executive  Committee.  It  was 
agreed  that  administrative  matters  should  be  left  to  the  Bureau, 
consisting  of  the  officers  of  the  Section. 

Agenda. — Since  the  meeting  at  Brussels  in  July,  1919,  when  the 
International  Section  of  Terrestrial  Magnetism  and  I-'lectncity  was 
established,  nearly  three  years  have  elapsed.  While  the  organiza- 
tion of  the  work  of  the  Section,  because  of  the  post-war  conditions, 
could  not  proceed  as  rapidly  as  it  was  hoped,  nevertheless,  definite 
progress  has  been  made  regarding  which  the  Agenda  (Ordre  du 
Jour)  for  the  present  meeting  are  at  least  one  indication.'  Perhaps 
for  the  first  time  we  have  had  presented  in  so  concrete  a  form  the 
salient  questions,  both  of  a  practical  and  theoretical  nature.  jK'r- 
taining  to  the  magnetic  and  electric  states  of  our  Earth  and  its 
atmosphere.    It  was  not  to  be  expected,  nor,  indeed,  desirable,  that 

<  See  Terr.  Mag.,  vol.  26,  pp.  1.SI-1.S2,  1921.  for  English  text;  the  French  text  will  be  found 
in  this  publication,  pages  99-100. 
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definite  decisions  on  all  the  questions  should  be  reached  at  the 
present  meeting.  However,  it  must  be  a  source  of  gratification 
that  by  the  united  action  of  the  National  Committees  the  crucial 
questions  and  problems  have  received  a  definite  formulation. 

Reporl.s. — Reports  were  presented  showing  the  status  of  mag- 
netic and  electric  work  in  the  various  countries  represented,  and 
containing  the  opinions  of  National  Committees,  leading  organiza- 
tions, and  investigators  on  items  of  the  Agenda.  There  were,  fur- 
thermore, reports  from  committees  constituted  at  the  Brussels  meet- 
ing, as  also  reports  and  letters  expressing  the  view^s  of  some  w^hose 
countries,  either  were  not  officially  represented  at  Rome  (Creecc, 
New  Zealand),  or  did  not  yet  belong  to  the  International  Geodetic 
and  Geophysical  Union.  Among  the  latter  there  were  letters  from 
E.  van  Everdingen  (Holland);  V.  CaHheim-Gyllenskold  (Sweden); 
C.  Ryder  (Denmark) ;  and  Adolf  Schmidt  (Germany). 

Resolutions. — On  the  basis  of  all  information  on  hand  and  the 
ensuing  discussions  on  items  of  the  Agenda,  the  appended  twenty 
resolutions  w^ere  passed.  It  will  be  noticed  that  the  Executive  Com- 
mittee is  empowered  to  formulate  more  definite  recommendations 
on  some  of  the  mooted  questions  of  procedure,  especially  at  mag- 
netic observatories,  as  soon  as  further  information  has  been  received 
by  the  secretary  from  all  services  and  observatories  engaged  in 
magnetic  or  electric  w^ork,  in  response  to  a  questionnaire  to  be  sent 
out. 

Committees. — ^F'ive  committees  were  appointed:  1.  Committee 
on  Magnetic  Surveys  and  International  Comparisons  of  Instru- 
ments; 2.  Committee  on  Observational  Work  in  Atmospheric  Elec- 
tricity to  Report  on  Objects,  Instruments,  and  Methods;  3.  Com- 
mittee on  Measures  qf  Magnetic  Characterization  of  Days;  4. 
Comm.ittee  on  Best  Methods,  Instruments,  and  Compilations  for 
Polar  Light  Observations;  and  5.  Committee  to  Consider  and 
Report  on  Best  Methods  and  Instruments  for  Earth-Current 
Observations.  The  provisional  organization  of  these  committees 
is  shown  by  the  appended  list.  The  Executive  Committee,  according 
to  Resolutions  11  and  15,  was  empowered  to  add  to  the  membership 
of  committees,  as  additional  countries  join  the  Union,  and  to  form 
any  additional  committees  deemed  necessary  to  put  into  effect  the 
resolutions.  Provision  has  also  been  made  for  consideration  of 
questions  concerning  the  relationship  between  solar  and  the  earth's 
magnetic  and  electric  phenomena   in   the  following  manner:   1.  A 


92  ROME  MEETING,  MA  Y,  1922  [Vol.  XXVII,  No.  3 

committee  on  solar  radiation,  under  the  chairmanship  of  Dr. 
George  E.  Hale,  of  which  Dr.  Bauer  is  a  member,  was  formed  by  the 
International  Astronomical  Union;  2.  The  International  Research 
Council  at  its  Brussels  meeting  in  July,  1922,  has  decided  to  assist 
in  initiating  studies  of  the  correlations  between  solar  and  terrestrial 
phenomena,  as  this  subject  is  one  of  the  kind  in  which  several 
unions  are  jointly  interested. 

Funds. — The  balance,  30,892  francs,  of  the  accumulated  funds 
in  hand,  arising  from  the  contributions,  1919-1922,  of  the  adhering 
countries  at  the  rate  of  four  hundred  francs  per  contributing  unit, 
was  made  available  to  the  Section.  This  is  in  addition  to  the  sum 
of  about  fifteen  hundred  francs  which  had  been  supplied  in  1921, 
for  incidental  expenses  of  the  Section.  There  will,  furthermore,  be 
available  during  the  period  1922-1924,  from  the  contributions  of 
adhering  countries,  annually  an  amount  at  the  rate  of  320  francs 
per  contributing  amount.  It  is  estimated  that  the  annual  amount 
from  this  source  will  be  about  22,000  francs.  Hence  the  Section 
will  have  available  for  its  various  purposes  during  the  period  1922- 
1924,  in  all  about  75,000  francs,'  which  is  subject  to  increase  as 
additional  countries  join  the  Union.  With  the  aid  of  the  funds 
thus  available  it  is  hoped  that  matters  of  international  concern  and 
benefit  ma>'  be  energetically  pursued,  for  example,  frequent  intcr- 
com.parisons  of  magnetic  standards,  the  chief  expense  of  which  dur- 
ing the  past  sixteen  years  has  been  borne  by  the  Department  of 
Terrestrial  Magnetism,  of  the  Carnegie  Institution  of  Washington. 

The  secretary  and  P'-of.  E.  Mathias,  as  alternate  or  substitute 
when  necessary,  were  made  members  of  the  F"inance  Committee  of 
the  International  (leodetic  and  Geophysical  Union. 

Publications. — Resolution  12  empowered  the  E.\ecuti\e  Com- 
mittee to  incur  the  necessary  expense  for  the  publication  in  the 
most  suitable  form  of  the  minutes  and  proceedings  of  the  Rom.e 
meeting  and  of  the  N'arious  reports  received,  as  well  as  for  the  issue 
of  any  additional  publications  which  may  be  found  desirable  and 
which  the  available  funds  may  permit.  It  is  estimated  that  the 
Nolum.e  of  proceedings  and  reports  will  approximate  tiiree  hundred 
octavo  pages,  and  that  it  may  be  distributed  early  in  1923.  By 
means  of  bulletins,  issued  from  time  to  time,  j)ronipt  information 
it  is  hoped  ma>-  be  gi\en  regarding  matters  of  international  interest. 

'  Approximately,  according  to  present  rate  of  exchange,  about  5.900  United  States  dollars 
or  1,315  pounds  sterling. 
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progress  on  mooted  questions,  actions  taken  and  recommendations 
by  the  Executive  Committee,  committees  of  the  Section  and  Na- 
tional Committees,  latest  values  of  the  m.agnetic  and  electric  ele- 
ments at  observatories,  etc. 

Officers  of  the  International  Geodetic  and  Geophysical  Union  and 
of  its  Section. — For  convenience  of  reference  there  are  given  in 
the  table  below,  besides  the  officers  of  the  particular  section  of 
interest  in  this  report,  the  officers  of  the  entire  Union  and  of  the 
other  sections.  An  additional  section  (Scientific  Hydrology)  was 
established  at  Rom.e. 

Officers  of  International  Geodetic  and  Geophysical  Union,  1922 — . 

Officers  of  the   Union 
President:  C.  Lallemand.** 
Vice-President:  Presidents  of  the  Sections. 
Secretary-General:  W.  G.  Lyons.** 

Officers  of  the  Sections 


Section 

President 

\'ice-Presidsnt 

Secretary 

Geodesy 
Seismology 

MeteorologA- 

\V.  Bowie* 

H.  H.  Turner** 

N.  Shaw* 

R.  Gautier** 
E.  Oddone** 
\  C.  F.  Marvin** 
}  E.  Delcambre** 

G.  Perrier* 

E.  Rot  he** 

F.  Ercdia** 

Terrestrial  Mag- 
netism and 

C.  Chree** 

L.  Palazzo** 

Louis  A.  Bauer* 

Electricity 
Physical 

Prince  of  Monaco* 

J.  Parrv* 

G.  Magrini* 

Oceanographyt 
\'ulcanology' 

A.  Lacroix** 

H.S.Washington** 

^  A.  ^L1lladra** 
/  G.  Platania** 

Scientific 
Hydrology 

E.  B.  H.  Wade** 

A.  Wallen** 

G.  Magrini** 

Social  Features. — Among  the  special  social  features  may  be 
mentioned:  May  2,  3  p.  m.,  Inaugural  Ceremony  at  the  Campidog- 
lio,  at  which  H.  M.,  the  King  of  Italy,  was  present;  May  4,  9  p.  m., 
Reception  of  the  Delegates  at  the  Campidoglio  by  the  Municipality 
of  Rom.e;  May  8,  3  p.  m..  Visit  to  the  Palatino  at  the  Invitation  of 
the  Under  Secretary  of  Antiquities  and  Fine  Arts;  and  May   10, 

*  One  additional  term,  beginning  May,  1922,  and  continuing  until  next  meeting  (1924). 

**  Two  additional  terms,  beginning  May,  1922. 

t  The  president  has  unfortunately  died  since  the  Rome  meeting. 
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1  p.  m.,  Visit  to  the  Vatican  and  Audience  with  the  Pope.  Pro- 
vision had  also  been  made  for  several  special  excursions  during  and 
after  the  rn.eetings,  which  gave  further  opportunity  to  the  visiting 
delegates  for  social  intercourse.  At  the  closing  session  of  the  Union 
on  May  10  several  resolutions  were  passed  in  appreciation  of  the 
excellent  arrangements  made  by  Italy,  both  as  regards  the  scientific 
sessions  and  the  various  social  events. 

Mem.bers  of  the  Section  of  Terrestrial  Magnetism  and  Electricity 
are  also  especially  indebted  to  the  genial  director  of  the  Italian 
Meteorological  and  Geodynamical  Bureau,  Professor  Luigi  Palazzo, 
for  the  part  he  took  to  ensure  the  success  of  the  meeting. 
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Resolutions  of  International  Section  of  Ti:rrestrial  Mag- 
netism AND  Electricity. 

{Approved  at  the  Rome  Meeting,  May  9,  1922) 

1.  In  view  of  the  importance  of  securing  world-wide  coopera- 
tion in  Terrestrial  Magnetism  and  Electricity,  and  remembering 
the  great  contrii)utions  in  these  fields  by  scientists  and  instrum.ent 
makers  of  countries  not  yet  adherent  to  the  Section,  the  hope  is 
expressed  that  a  day  will  come  when  the  collaboration  of  all  coun- 
tries in  the  labors  of  the  Section  will  become  possible. 

2.  That  the  attention  of  directors  of  observatories  be  called 
to  the  importance  of  assuming  themselves  that  the  methods  they 
employ  for  scale-value  determinations  of  magnetographs  are  satis- 
factory, and  that  a  general  statem.ent  as  to  the  methods  be  gi\en 
in  all  observatory  publications. 

3.  That  in  view  of  the  diverse  types  of  instruments  in  use,  and 
diverse  circumstances  prevailing  at  the  various  stations,  it  is  not 
advisable  at  present  to  recommend  the  adoption  of  any  particular 
method  of  scale-value  determination  for  magnetographs,  nor  any 
particular  scale  value,  nor  to  specify  an  opinion  as  to  the  best  ele- 
ments to  record. 

4.  That  National  Committees  be  requested  to  designate,  if 
possible,  one  observatory  in  their  respective  countries  for  interna- 
tional intercomparisons  of  magnetic  instruments,  and  to  secure 
intercomparisons  of  magnetic  instruments  within  their  own  coun- 
tries at  least  once  within  the  course  of  three  years. 

5.  That  the  Committee  on  Magnetic  Surveys  and  Intercom- 
parisons of  Magnetic  Instrum.ents  formulate  a  definite  scheme  for 
securing  intercomparisons  of  m.agnetic  instruments  between  coun- 
tries, and  especially  contiguous  countries. 

6.  That  the  following  are  the  localities  at  which  additional 
m.agnetic  observatories  are  most  desirable:  Northeast  Canada, 
Northeast  Sibena,  Bermuda,  St.  Helena  (or  French  West  Africa), 
Italian  North  Africa,  British  South  Africa,  and  Northeast  Au- 
stralia. 

7.  That  the  steps  already  taken  by  the  New  Zealand  Go\ern- 
ment  regarding  the  continuation  of  the  Apia  Observatory,  Samoa, 
are  highly  commended,  and  it  is  hoped  that  the  New  Zealand 
Government  may  find  it  possible  to  provide  for  the  continued  full 
activities  of  the  Observatory. 

8.  That  the  continuation  by  the  Argentine  Government  of  the 
Orcados  Observatory  is  very  much  to  be  desired,  in  view  of  the 
high  southerly  latitude  of  the  observatory  and  the  opportunities 
thus  afforded  for  obtaining  highly  important  data. 

9.  That  every  magnetic  observatory  publish  annually  the 
monthly  and  annual  mean  values  of  the  magnetic  elements  ob- 
served during  the  preceding  year,  for  the  purpose  of  the  mutual 
exchange  of  such  results. 
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10.  That  the  organizations  responsible  for  the  various  mag- 
netic services  be  urged  to  make  prom.pt  pubHcation  of  their  data  as 
completely  as  circum.stances  permit. 

11.  That  the  executive  com.mittee  be  empowered  to  constitute 
the  committees  recommended  by  the  Section  and  to  establish 
such  additional  committees  as  m.ay  be  found  necessary  to  put 
into  effect  the  resolutions  passed  at  the  Rome  meeting. 

12.  That  the  executive  com.mittee  be  authorized  to  incur  the 
necessary  expense  for  the  pubHcation  in  the  most  suitable  form  of 
the  minutes  and  proceedings  of  the  Rome  meeting  and  of  the  va- 
rious reports  received,  as  well  as  for  the  issue  of  any  additional 
publications  which  may  be  found  desirable  and  which  the  available 
funds  may  perm.it. 

13.  That  a  committee  be  appointed  to  report  on  the  best 
methods,  instruments,  and  com.pilations  for  polar-light  observa- 
tions. 

14.  That  in  order  to  stimulate  research  regarding  earth-cur- 
rents, a  committee  be  appointed  to  consider  and  report  on  the- best 
methods  and  instruments. 

15.  That  the  executi\e  committee  be  empowered  to  add  to  its 
membership  or  to  the  membership  of  the  committees. 

16.  That  it  is  desirable  there  should  be  in  every  country  at 
least  one  observatory  making  systematic  atmospheric-electric 
observations  (especially  of  potential  gradient,  earth-air  currents, 
conductivity,  and  number  of  ions)  which  are  intercomparable 
amongst  themselves  and  comparable  with  similar  obscr\-ations 
made  in  other  countries. 

17.  That  a  committee  be  appointed  on  observational  work  in 
atmospheric  electricity,  to  report  on  objects,  instruments,  and 
methods. 

18.  That  in  all  publications  concerning  ionization,  the  author 
should  indicate  the  value  which  he  uses  for  the  unit  charge. 

19.  That,  if  funds  allow,  copies  of  disturbed  magnetic  curves 
continue  to  be  published  as  at  present,  e\en  when  on  a  reduced 
scale,  as  they  supply  information  at  least  potentially  useful  regard- 
ing the  general  features  of  disturbance.  It  is  recognized,  on  the 
other  hand,  that  for  detailed  examination  photographic  copies  are 
much  preferable,  and  that  some  scheme  might  usefulh'  be  arranged 
whereby  anyone  desiring  such  copies  could  secure  them  from  cer- 
tain obser\atories  for  a  pre-arranged  fee.  As  a  preliminary  to  such 
a  scheme  directors  of  observatories  are  to  be  consulted. 

20.  That  regarding  items  A6,  7,  and  9  of  the  printed  Agenda, 
namely,  mean  annual  values  and  secular  change,  diurnal  inequali- 
ties, and  publications,  the  Kxecutixe  Committee  consider  and  formu- 
late any  recommendations  they  ma\'  think  desirable. 

(Signed)  Ch.vki.ks  ('iiri:k,  President;  Louis  A.  B.\ukr,  Secretary. 
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Committees  of  International  Section  of  Terrestrial 
Magnetism  and  Electricity. 

{As  Provisionally  Constituted  at  Rome,  May  9,  1922). 

1.  Committee  on  Magnetic  Surveys  and  International  Com- 
parisons of  Instruments:  Louis  A.  Bauer  (chairman);  U.  de  Azpiazu, 
J.  M.  Baldwin,  A.  Ferraz  de  Carvalho,  C.  Chrce,  M.  Eginitis,  N.  H. 
Heck,  A.  Hcrmant,  S.  Kalinowski,  O.  Klotz,  E.  Mathias,  H.  Morize, 
L.  Pakizzo,  N.  Watanabe. 

2.  Committee  on  Observational  Work  in  Atmospheric  Electricity 
to  Report  on  Objects,  Instruments,  and  Methods:  G.  C.  Simpson  (chair- 
man) ;  J.  Jaumotte,  P.  Langevin,  D.  Peicini,  W.  F.  G.  Swann. 

3.  Committee  on  Measures  of  Magnetic  Characterization  of  Days: 

(chairman);  R.  L.  Paris,  A.  Crichton  Mitchell, 

R.  Dongier,  A.  Tanakadate. 

4.  Committee  on  Best  Methods,  Instruments,  and  Compilations 

for  Polar  Light  Observations:  — — (chairman) ;  H. 

Arctowski,  Ch.  Fabry,  J.  A.  Fleming,  Lord  Rayleigh,  R.  F.  Stu- 
part. 

5.  Committee  to  Consider  and  Report  on  Best  Methods  and  In- 
struments for  Earth-Current  Observations:  A.  Schuster  (chairman) ; 
S.  J.  Mauchly  (secretary),  Ch.  Maurain,  L.  Rodes,  H.  Nagoaka. 

(Signed)  Charles  Chree,  President;  Louis  A.  Bauer,  Secretary. 


Union  Geodesique  et  Geophysique  Internationale. 

conference    de    ROME,    MAI,    1922. 

Ordre  Dii  Jour. 

DE  LA  SECTION  DE  MAGNETISM E  ET  D'ELECTRICITE 

TERRESTRES. 

1. — Ouverture  de  la  Seance. 

2. — Rapport  du  Secretaire,  Directeur  du  Bureau  Central. 

3. — Rapports  varies  (des  Comites  nationaux  et  speciaux  et  sur  les  investi- 
gations). 

4. — ^Questions  diverses  soumises  a  I'etude  et  a  la  consideration  des  Comites 
speciaux. 

5. — But,  champ  d'activite  et  nom  definitif  a  adopter  pour  la  Section. 

6. — Statuts  et  organisation  future  de  la  Section. 

7. — Nomination  et  organisation  des  Comites. 

8. — Resolutions  soumises  au  vote. 

Les  questions  soumises   (No.  4)   a   I'etude  et   a   la   consideration  des   Comites 

sont  les  suivantes: 
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A. — Mngnetisme  Terrestre. 


1. —  Instruments  absolus. 


2. — Observations  absolues. 


3. — Magnetographes. 


4.- 


5. — Releve  des  courbes. 


6. — Moyennes  annuelles  ct 
variation  seculaire. 


7. — Incgalitcs  diurnes. 

8. — Copies  des  coutbes. 
9. — Pul)lications 


Methodes  electriques. 

Determination  des  "constantes." 

Comparisons. 

Methodes. 

Precedes  de  reduction. 

Determination  do  la  valeur  des  divisions 

de  I'echelle. 
Valeurs  des  divisions  de  I'echelle  a  recom- 

mander. 
Elements  a  enregistrer  de  preference. 

-Caracterisation  des  jours  et  I'activite  magnetique. 

Heure  locale  ou  heure  de  Greenwich? 
Valeurs   instantanees   ou    moyennes    ho- 
raires? 
]    c.    Si    moyennes    horaires,    les    60    minutes 
I  sont-ellcs   centrces   a   I'heure   ou   a   la 

[  demi-heure? 

I  a.    Si  d'apres  les  courbes,  avec  quel  mode  de 
coupure  des  jours? 
b.    Si  d'apres  les  observations  absolues,  avec 
cjuelles  corrections? 
[  a.    Deduites   de   I'enscmble   ou   de   certains 
I  jours  choisis,  ct  comment? 

j    b.    Corrections  non  periodiques. 
[  c.     Coefficients  de  Fourier. 
Moyens  de  les  obtenir  ct  de  les  cchanger. 

a.  Ce  qu'il  y  a  lieu  de  publier.     Minimum 
desirable. 

b.  Forme,     c.    Terminologie. 

a.  Densite  des  stations. 

b.  Question    d'une    periode    internationale 
et  de  sa  date. 

Procedes  d'observation — leur  exactitude. 

Reduction  a  une  meme  epoquc. 

La    construction    des    courbes    isomag- 

netiques. 
Zones  perturbecs.      Les  anomalies  ct   la 

geologic. 
Champ  magnetique  terrestre. 
Presentation  des  rcsultats. 
IL — Variation  des  elements  magnctiques  avec  I'altitude. 

12. — Lignc  magnetique  integrale  et  courants  electriques  aerotcrrestres,  leur 
determination  et  leur  compatibilite. 

B. — Electricite  Terrestre. 

L — Comment  obtenir  et  publier  de  donnees  completes  sur  le  gradient  du 
polenticl,  les  courants  aerotcrrestres,  la  conductibilile  et  le  nombre  d'ioiis  at- 
mospheriques  en  la  forme  la  plus  uniforme  et  de  la  maniere  la  plus  satisfaisantc 
(formation  d'un  comite  d'enquete  sur  les  instruments  ct  les  methodes). 

2. — Observation  des  phenomenes  electriques  dans  les  couches  superieurcs  de 
1 'atmosphere. 

3. — Aurores  borealcs  (methodes,  instruments,  compilations). 

4. — Courants  tclluriques  (methodes,  instruments,  observations,  publications). 

5. — Rapports  entre  I'activite  solaire  ct  les  phenomenes  magnet iques  et  elec- 
triques observes  a  la  surface  de  la  terre. 


10. — Reseaux  magnctiques. 


c. 
d. 
e. 

f. 
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VoEUX    DE    LA    Si'XTiox    Ixt!-:rxationale    de    Magnetisme    ET 
d'Electricite  Terrestres. 

(Adoples  a  la  Conference  de  Rome,  le  9  mat  1922.) 

1.  Etant  donnee  Timportance  qu'il  y  a  a  assurer  unc  large 
cooperation  dans  le  monde  en  ce  qui  concerne  le  magnetisme  et 
I'electricite  terrestres,  et  en  consideration  de  la  contribution  con- 
siderable dans  ces  domaines  apportce  par  les  savants  et  les  con- 
structeurs  de  pays  qui  n'  adherent  pas  encore  a  la  Section,  I'espoir 
est  exprime  qu'un  jour  viendra  ou  la  collaboration  de  tous  les  pays 
aux  travaux  de  la  Section  deviendra  possil)le. 

2.  Que  I'attention  dcs  directeurs  d'  observatoires  soit  appelee 
sur  I'importance  qu'il  y  a  a  verifier  eux-memes  que  les  methodes 
employees  pour  determiner  la  valeur  des  divisions  de  I'echelle  du 
magnetographe  sont  satisfaisantes,  et  qu'un  expose  des  methodes 
etablies  soit  donne  dans  les  publications  des  observatoires. 

3.  Que,  d'apres  la  diversite  des  instruments  en  usage  et  des 
conditions  correspondant  aux  diverses  stations,  il  n'est  pas  desirable 
pour  le  moment,  de  recommander  I'adoption  d'une  methode  par- 
ticuliere  pour  la  determination  de  la  valeur  des  divisions  de  I'echelle 
du  magnetographe,  ni  une  valeur  particuliere;  ni  d'  exprimer  une 
opinion  sur  les  elements  a  enregistrer  de  preference. 

4.  Que  les  Comites  Nationaux  soient  pries  de  designer,  s'il  est 
possible,  un  observatoire  central  pour  leurs  pays  respectifs,  charge 
des  comparaisons  Internationales  des  instruments  magnetiques,  et 
d'assurer  dans  leurs  propres  pays  une  comparaison  des  instruments. 

5.  Que  le  Comite  charge  des  leves  magnetiques  et  des  com- 
paraisons internationales  des  instruments  magnetiques,  formule 
des  regies  definies  pour  assurer  les  comparaisons  des  instruments 
magnetiques,  specialement  en  ce  qui  concerne  les  pays  contigus. 

6.  Qu'il  soit  etabli  des  observatoires  magnetiques  additionnels 
dans  les  contrees  suivantes,  pour  lesquelles  cela  est  le  plus  desirable: 
Nord-Est  du  Canada,  Nord-Est  de  la  Siberie,  Les  Bermudes, 
Sainte-Helene  (ou  Afrique  Occidentale  Frangaise),  Nord  Africain 
Italien,  Afrique  Anglaise  du  Sud,  et  Nord-Est  de  I'Australie. 

7.  Les  dispositions  deja  prises  par  le  Gouvernement  de  la 
Nouvelle-Zelande  pour  le  maintien  de  1 'Observatoire  d'Apia,  Samoa, 
sont  hautemcnt  approuvees  et  I'espoir  est  exprime  que  le  Gouverne- 
ment de  la  Nouvelle-Zelande  aura  la  possibilite  de  permettre  a  cet 
observatoire  la  continuation  de  sa  pleine  activite. 

8.  Le  maintien  par  le  Gou\ernement  Argentin  du  service  de 
1 'Observatoire  des  Orcades  est  hautement  desirable,  a  cause  de 
la  haute  latitude  sud  de  I'Observatoire  et  de  la  possibilite  d'obtenir 
ainsi  d'importantes  donnees. 

9.  Que  chaque  observatoire  magnetique  public  annuellement 
les  \aleurs  moyennes,  mensuelles  et  annuelles,  des  elements  mag- 
netiques relatives  a  I'annee  precedente,  afin  d'assurer  rcchange 
mutuel  de  ces  resultats. 
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10.  Que  les  organisations  responsables  des  differents  services 
magnetiques  soient  promptes  a  assurer  leurs  publications  d'une 
maniere  aussi  complete  que  possible. 

11.  Que  le  Comite  Executif  ait  le  pouvoir  d'instituer  des 
comites  recommandes  par  la  Section,  et  d'etablir  de  tels  comites 
additionnels  autant  qu'il  sera  juge  necessaire  pour  mettre  a  exe- 
cution les  resolutions  de  la  reunion  de  Rome. 

12.  Que  le  Comite  Executif  soit  autorise  a  faire  la  depense 
necessaire  pour  une  publication,  sous  la  forme  la  plus  convenable 
des  minutes  et  des  proccs-verbaux  de  la  reunion  dc  Rome,  ainsi 
que  des  differents  rapports  regus,  et  soit  autorise  a  faire  toutes 
autres  publications  utiles,  dans  la  limite  des  fonds  disponibles. 

13.  Qu'un  Comite  soit  charge  de  faire  un  rapport  sur  les 
meilleures  methodes  les  meilleurs  instruments  et  les  publications 
relatives  aux  aurores  polaires. 

14.  Qu'afin  de  stimuler  les  recherches  concernant  les  courants 
telluriques,  un  Comite  soit  forme  pour  etablir  un  rapport  sur  les 
meilleures  methodes  et  les  meilleurs  appareils. 

15.  Que  le  Comite  Executif  ait  le  pouvoir  d'adjoindre  a  ses 
membres  ou  a  ccux  des  autres  comites  des  personnes  tiualifiees. 

16.  Qu'il  y  ait  dans  chaque  pays  au  moins  un  observatoire 
faisant  des  observations  systematiques  d'electricitc  atmosphcrique, 
specialement  de:  gradient  du  potentiel,  courant  air-terre,  con- 
ductibilite  electrique,  et  nombre  d'ions,  de  telle  fagon  que  ces 
observations  soient  comparables  entre  elles  et  comparables  aux 
observations  semblables  faites  dans  les  autres  pays. 

17.  Qu'un  Comite  soit  forme  pour  faire  un  rapport  sur  les 
sujets  d'etudes,  les  instruments,  et  les  methodes  relatix'cs  a  1' 
electricite  atmosphcrique. 

18.  Que  dans  toutes  les  publications  concernant  I'ionisation, 
I'auteur  indique  la  valeur  qu'il  admet  pour  I'unite  de  charge. 

19.  Que,  si  les  fonds  le  permettent,  on  continue  a  publier, 
comme  on  le  fait  actuellement,  les  reproductions  des  courbes  per- 
turbees,  meme  a  echelle  reduite,  vu  qu'clles  fournissent  des  ren- 
seignements  qui  pourront  etre  utiles,  sur  le  caractere  general  des 
perturbations.  D'autre  part,  il  est  reconnu  que,  pour  une  etude 
detaillee,  les  copies  photographiques  sont  a  preferer,  et  qu'il  serait 
utile  d'etablir  un  procede  permettant  a  ccux  qui  desirent  de  telles 
copies  d'en  obtenir  de  certains  observatoires  a  un  prix  fixe  d'avance. 
Avant  de  mettre  a  effet  ce  projet,  on  devrait  consulter  les  direc- 
tcurs  des  observatoires. 

20.  Que,  en  ce  qui  concerne  les  articles  A6,  7  et  9,  de  !'<  )rdre  du 
Jour  imprime,  a  sa\oir,  moyennes  annuelles,  variation  seculaire, 
inegalites  diurnes  et  publications,  le  Comite  Executif  etablissc  et 
lormule  les  recomniandations  (ju'il  jugera  desirables. 

(Signe)  Le  PresidenlAnwu.V-s  Chki:i:;  J  a'  Secretaire,  \.o\:\s  A. 
Bauer. 


SOME  EXPERIMENTS  ON  THE  PENETRATING  7  RADIA- 
TION PRESENT  IN  THE  ATMOSPHERE. 

By  E.  Marsden. 

The  present  note  deals  with  an  experiment  on  the  magnitude 
of  the  ionization  due  to  penetrating  radiation  in  a  closed  can  on 
Mount  Ruapehu  (latitude  39°.25  S.;  longitude  175°.6  E.;  height, 
9,200  feet  =2,800  meters). 

According  to  Kolhorster,'  the  ionization  in  a  closed  ionization 
vessel,  in  free  air,  at  an  altitude  of  2,800  meters  is  4  ions  per  c.c. 
greater  than  that  at  sea  level.  Kolhorster's  experiments  were  made 
with  air  in  a  zinc  (?)  ionization-vessel. 

It  is  well  known  that  the  ionization  due  to  7  rays  in  a  vessel 
containing  a  gas  with  molecules  of  high  atomic  weight  is  greater 
than  that  in  air.  In  the  experiments  to  be  described  sulphur 
dioxide  was  used,  and  although  this  gas  does  not  multiply  the  7-ray 
effect  so  much  as  gases  such  as  methyl  iodide,  yet,  on  account  of  its 
chemical  stability  when  dry,  and  its  relatively  high  condensation 
point,  it  is  particularly  suitable  for  the  experiment  in  view.  By 
using  SOo  in  a  closed  vessel,  the  ionization  due  to  7  rays  is  approxi- 
mately doubled,  while  the  ionization  due  to  radioactive  impurities 
in  the  material  of  the  vessel  (chiefly  a-ray  effect)  is  practically  un- 
altered. Thus,  any  variations  of  penetrating  7  radiation  will  rela- 
tively, to  the  whole  leak,  be  greater  than  in  the  case  of  experiments 
made  with  air. 

Further,  it  is  well  known  that  the  ionization  due  to  7  rays  is, 
in  the  main,  a  secondary  effect  of  ^  particles  ejected  from  the  walls 
of  the  measuring  vessel,  very  little  of  the  effect  being  due  to  sec- 
ondary j3  particles  from  the  gas  itself.  The  secondary  /?  particles 
have  a  range  at  normal  temperature  and  pressure  considerably 
greater  than  the  average  dimensions  of  an  ionization-vessel. 

The  number  of  secondary  l:i  particles  from  various  materials, 
and  consequently  the  ionization  due  to  7  rays  in  a  closed  vessel, 
increases  with  the  atomic  weight  of  the  material:  for  instance,  the 
ionization  in  a  lead  vessel  is  approximately  twice  that  in  one  of 

*  Phys.  Zeifschr.  XIV,  p.  1153,  191.?. 
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brass.  The  main  objection  to  increasing  the  7-ray  effect  in  this 
way  is  the  difficulty  of  obtaining  materials  of  high  atomic  weight 
without  a  large  increase  in  radioactive  impurity:  for  example,  lead 
is  notoriously  radioactive  on  account  of  the  presence  of  its  isotope 
RaD,  with  the  consequent  production  of  polonium.  By  using  old 
lead,  however,  the  greater  part  of  the  RaD  will  have  decayed,  with 
consequent  diminution  of  natural  activity. 

In  some  preliminary  tests,  a  cylindrical  brass  can  was  used. 
The  natural  leak  was  obtained  with  air  in  the  can  by  means  of  a 
Wilson  tilted  electroscope.  The  leak,  due  to  7  rays  from  radium 
at  a  standard  distance  (1.5  meters)  was  also  obtained.  The  can 
was  then  lined  with  various  materials  by  preparing  a  solder  by 
admixture  of  tin,  and  "wiping"  or  "tinning"  the  inside  of  the  can, 
the  average  thickness  of  the  coating  being  about  0.2  mm. 

The  results  were  as  follows : 


Inside  coating  of  ioniza- 
tion can 

Natural  leak, 
Volts/minute 

Eflfect  of  7  rays  from  stand- 
ard Ra.,  corrected  for 
natural  leak 

Brass 

50  per  cent  old  lead    1 

25  per  cent  Sn.             \ 

25  per  cent  Bi.             J 

Pb.  (old)  +  5%  Sn 

Sn 

0 .  05 

0.  10 

0.07 

0.115 

0.145 

0.115 

0.075  (approx.) 

1.0 

1.8 

1  .0 
1.5 

Bi  +  5%  Sn 

1.95 

Pb.  (new)  +  5%  Sn 

Pb.  (old)  with  sulphur  dioxide  . 

1  .  85 
3.7 

The  new  lead  was  ordinar>-,  newly  purchased,  plumber's  lead. 
The  old  lead  had  been  used  for  roofing  a  house  in  Nelson,  X.  Z., 
about  seventy  years  ago,  and  was  as  old  as  any  readih'  available 
in  New  Zealand.  The  test  shows  that  bismuth  and  new  lead  are 
unsuitable  owing  to  radioactive  impurity:  so  also  was  tlv.'  tin  used. 
The  old  lead  increased  the  7-ray  effect  by  ninety  per  cent,  and  the 
natural  leak  by  only  forty  per  cent.  This  latter  leak  is  increased 
partly  by  increase  of  the  penetrating  radiation  effect,  and  possibly 
partly  by  the  greater  natural  leak  of  the  lead  used  than  that  of 
brass.    The  surface  of  the  brass  was  thoroughly  cleaned  before  use. 

The  test  shows  that  for  measuring  increases  of  penetrating 
radiation  of  the  7-ray  type,  a  vessel  lined  with  old  lead  and  filled 
with  sulphur  dioxide  possesses  considerable  advantages  compared 
with  a  brass  vessel  filled  with  air. 
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For  the  mountain  experiment,  two  sets  of  apparatus  were  con- 
structed, each  consisting  of  a  Wilson  tilted  electroscope  and  an 
ionization-can.  The  outside  of  the  can  was  charged  to  +  200  volts, 
and  the  leak  to  a  central  rod  was  measured,  using  a  guard  ring  to 
avoid  conduction  ov^er  the  insulation,  which  was  of  the  best  ebonite. 

Both  ionization-vessels  were  made  air-tight  and  fitted  with  ar- 
rangements for  testing  pressure.  One  vessel  was  of  brass  through- 
out and  had  a  volume  of  7,000  cubic  centimeters,  while  the  other 
of  volume  9,000  cubic  centimeters  was  lined  with  a  thin  coating  of 
old  lead,  mixed  with  as  small  proportion  of  tin  as  would  make  it 
adhere  successfully  to  the  brass.  Both  were  filled  with  SO,  from  a 
siphon  where  the  SOj  had  remained  for  some  considerable  time 
previously,  so  that  there  was  no  radium  emanation  impurity. 

The  tilted  electroscopes  were  constructed  of  thick  copper  to 
avoid  local  difterences  of  temperature,  and  arrangements  were 
made  so  that  they  could  be  used,  if  necessary,  in  a  high  wind.  The 
author  was  agreeably  surprised  to  find  how  robust  these  instru- 
ments are:  the  electroscopes  and  attached  gold  leaves  successfully 
withstood  the  various  journeys,  and  were  carried  in  a  vest  pocket. 

Camp  was  made  at  a  height  of  4,000  feet  on  the  slopes  of 
Ruapehu,  which  is  a  volcanic  cone  with  the  same  kind  of  lava  rocks 
from  4,000  feet  upwards.  At  4,000  feet,  according  to  Kolhorster, 
there  is  practically  no  increase  of  ionization  from  sea  level.  Un- 
fortunately, there  was  only  one  clear  day  on  which  measurements 
could  be  made  at  the  top  of  the  mountain,  but  on  that  day  a  stay 
of  four  hours  at  a  height  of  9,200  feet  was  obtained  and  measure- 
ments were  made  with  both  electroscopes.  Comparative  measure- 
ments at  4,000  feet  were  made  before  and  after  the  ascent.  The 
measurements  were  converted  to  ions  per  c.c.  from  a  knowledge  of 
the  combined  capacities  of  the  ionization-chambers  and  electro- 
scopes, which  were  determined  experimentally. 

The  results  obtained  on  January  24,  1922,  were  as  follows: 


Ions  per  cubic  centimeter 

Station 

Brass  can,  7,000  c.c. 
Capacity  =  13.1  cm. 

Lead  lined  can,  9,  .*J0  c.c. 
Capacity  =  14.8  cm. 

Before  ascent,  4,000  ft 

Mountain  top,  9,200  ft 

After  ascent,  4,000  ft 

11 

11.5 

11.5 

18 
19 

18 
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The  measurements  at  9,200  feet  were  only  of  a  little  better  than 
eight  per  cent  accuracy,  while  those  at  4,000  feet  were  somewhat 
more  accurate.  The  results  show  that  the  ionizations  at  4,000  feet 
and  9,200  feet  are  the  same  to  within  one  ion  per  c.c,  even  when 
the  ionization-vessel  is  lead-lined  and  contains  sulphur  dioxide. 
Under  such  conditions,  if  we  accept  Kolhorster's  result  as  due  to 
7  rays,  there  ought  to  be  about  4x3.7,  i.  e.,  15  ions  per  c.c.  difference 
between  the  two  stations.  The  author  hopes  to  repeat  the  experi- 
ments and  to  obtain  a  greater  degree  of  accuracy. 

It  may  be  of  interest  to  note  that  using  similar  apparatus  to  the 
above  in  January-February,  1921,  at  the  Apia  Observatory,  Samoa, 
v^ariations  in  ionization  were  observed  at  sea  level  as  much  as  30 
per  cent  above  and  below  the  average.  These  variations  were 
irregular  from  day  to  day  and  no  simple  correlation  with  meteoro- 
logical conditions  was  obtained.  The  matter  is  being  investigated 
further,  both  in  Apia  and  Wellington. 

In  conclusion  the  author  wishes  to  thank  Mr.  W.  C.  Harwood, 
B.  Sc,  for  his  kind  and  efficient  assistance  in  these  experiments. 

Victoria  University  College,  Wellington,  N.  Z., 
July  9,  1922. 


UEBER  DIE  SELBSTAlTLAOrXG  KORPUSKULAR 
STRAHLEXDER  KOERPER. 

\'0X    E.    SCHWEIDLER. 

[Summary. — 1.  Tbe  observed  phenomena,  which  have  led  to  hypotheses 
regarding  the  existence  of  corpuscular  cosmic  rays,  are  briefly  discussed  and  the 
importance  is  pointed  out  of  deducing  the  theoretical  consequences  resulting  from 
the  charged  state  of  the  emitting  cosmic  bodies.  2.  The  characteristics  of  cor- 
puscular rays  are  discussed,  especially  the  "radiation  potential,"  P  (quotient  of 
the  kinetic  energy  and  the  electric  charge  of  a  particle),  and  the  magnetic  de- 
fiectibility.  3.  The  stationary  charge  of  a  sphere,  which  spontaneously  emits 
corpuscular  rays  into  a  surrounding  vacuum,  is  computed;  it  is  larger  than  the 
product  Pa  ("radiation  potential"  times  radius  of  sphere),  and  increases  with  in- 
tensity of  emission;  the  emitted  particles  are  compelled  to  turn  back  at  a  distance 
A,  the  values  of  which  are  computed;  numerical  examples  for  the  Moon,  as  the 
supposed  source  of  radiation,  are  added.  4.  The  stationary  charge  during  si- 
multaneous spontaneous  emission  of  positive  and  negative  corpuscular  rays  is 
computed.  5.  Analogous  calculations  are  made  on  the  assumption  that  a 
sphere  with  a  strongly  ionized  surface  emits  a  spontaneous  radiation  and  hence 
on  account  of  its  charging,  a  compensating  field-driven  ion-radiation  is  emitted; 
in  an  equilibrium  condition,  therefore,  at  a  great  distance,  there  exist  both  positive 
and  negative  rays  of  equal  average  intensity  and  equal  velocity;  the  results  are 
applied  to  the  case  of  the  Sun  and  several  numerical  examples  are  given.] 

1.  EIXLEITUXG. 
Strahlungen  korpuskularer  Xatur  spielen  in  der  kosmischen 
Physik  eine  wichtige  Rolle.  Zunachst  sind  es  die  Xordlichter- 
scheinungen,  die  nach  der  von  Birkeland  aufgestellten  und  insbe- 
sondere  von  Stormer,  Lenard  und  Vegard  Aveiter  entwickelten 
Theorie  auf  solche  Strahlen  zuruckgefiihrt  werden;  ihre  quanti- 
tativen  Merkmale  (Ladung,  Masse,  Geschwindigkeit)  sind  aller- 
dings  bisher  nicht  mit  voller  Sicherkeit  anzugeben.  Wahrend 
aus  der  Lage  des  Giirtels  grosster  Xordlichthaufigkeit  auf  Strahlen 
sehr  grosser  magnetischer  Steifigkeit  (also  entweder  sehr  schnelle 
)3-Strahlen  oder  Strahlen  grosser  Masse)  zu  schliessen  ware,  deuten 
die  beobachteten  raumlichen  Verhaltnisse  (Hohe  und  vertikale 
Ausdehnung  der  Lichterscheinungen)  unter  Beriicksichtigung 
der  Bahnform  und  der  Absorption  auf  negative  Strahlen  verhalt- 
nismassig  geringer  Steifigkeit.^  Diesen  \Mderspruch  sucht  be- 
kanntlich  Stormer  durch  die  Annahme  zu  losen,  dass  ausserter- 
restrische   ringformige   Strome — ebenfalls    korpuskularer   Natur — 

'C.  Stormer,  Ceofys.  Publ.  1,  Xr.  5,  Kristiania,  1921. 
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schon  weit  ausserhalb  der  Atmosphare  die  Bahnen  der  ankom- 
menden  Teilchen  durch  ihr  magnetisches  Feld  beeinflussen.  Auch 
die  Wirkung  der  elektrostatischen  Abstossungskrafte  zwischen  den 
Teilchen  eines  Schwarmes  ist  theoretisch  noch  nicht  ganz  be- 
friedigend  aufgeklart. 

Neben  den  Nordlichten  sind  aber  noch  andere  Erscheinungen 
bekannt,  die  auf  die  Existenz  kosmischer  Korpuskularstrahlen 
hinweisen.  Zunachst  ist  es  die  von  Gockel  und  \on  Hess  zueist 
beobachtete,  in  hoheren  Schichten  der  Atinosphiire  ionisierend 
wirksame  sehr  durchdringende  Strahlung,  die  wenigstens  indirekt 
(als  von  ihnen  erzeugte  Sekundarstrahlung)  auf  von  aussen  kom- 
mende  Korpuskularstrahlen  zuriickgefiihrt  werden  konnte.  Ferner 
ist  aus  der  Aufrechterhaltung  der  negativen  Erdladung  auf  eine 
von  aussen  kommende,  sehr  durchdringende  negative  Korpus- 
kularstrahlung  geschlossen  worden  f Simpson,-  SAvann,^  Schweid- 
ler,'*  Seeliger.^) 

Endlich  hat  Bauer^  aus  erdmagnetischen  Daten  die  Existenz 
eines  Stromsystems  festgestellt,  dessen  Stromlinien  im  allgemeinen 
in  den  Polarkappen  der  Erde  aus  ihrer  Oberflache  austreten  und  im 
Aequatorialgiirtel  eintreten.  Auch  er  halt  eine  Erklarung  durch 
Korpuskularstrahlen  fiir  moglich,  die  dann  in  niedrigen  und  mitt- 
leren  Breiten  positive,  in  hohen  Breiten  negative  Ladungen  durch 
die  Erdatmosphare  hindurch  transportieren;  ex'entucll  wiircn  auch 
Strahlen  entgegengesctzter  Ladung  und  Richtung  (also  von  der 
Erde  ausgehend)  denkbar.  In  jedem  Falle  ware  ihnen  eine  ausser- 
ordentlich  grosse  Durchdringungsfahigkeit  zuzuschreiben. 

Bei  alien  diesen  auf  mehr  oder  minder  ausreichenden  Beob- 
achtungstatsachen  beruhenden  und  dahcr  in  verschiedenem  Grade 
prazisierten  Hypothesen  erscheint  es  nun  von  Interessc,  die  Kon- 
sequenzen  zu  betrachten,  zu  denen  man  in  Bezug  auf  den  Ladungs- 
zustand  der  die  Strahlen  aussendenden  \\'eltk(")rper  gclangt. 

2.       DIE    CH.XHAKTKRISTISCHEN    KONSTANTEN     KORPUSKULARER 

STRAHLEN. 

Eine  sogcnnantc  "homogcne"  Korpuskularstrahlung  ist  ein- 
deutig  bcstimmt  durch  die  Zahl,  Masse,  Ladung,  und  Geschwindig- 
keit  der  Teilchen.    Wir  bezeichncn  die  in  der  Zciteinheit  (sec)  die 

•G.  C.  Simpson,  Nature,  69,  270,  1904. 

>\V.  F.  G.  Sw.ANN,  Terr.  Mag.  20,  105,  191. S. 

'E.  V.  SCHWEIDLER.  Hkm  Ber.  127,  5I.S.  1918,  und  Ann.  d.  Phys.  (4)  63,  726,  1920. 

•R.  Seeliger,  .Ann.  d.  Phys.  (4)  62,  446.  1920. 

•L.  A.  B.MER,  Terr.  Mag.  25,  145,  1920. 
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Flacheneinheit  (cm')  des  (Juerschnittcs  eincs  Biindels  passiercnde 
Teilchenzahl  mit  z;  die  Ladung  (in  statischen  Einheiten)  mit  e; 
die  Masse  (in  ^)  oder  genauer— in  Berucksichtigung  dcr  Abhangig- 
keit  der  Masse  von  der  Geschwindigkeit— die  Ruhmassc  mit  m; 
endlich  die  Geschwindigksit  mit  v  =  ^.c,  wobci  c  die  Lichtge- 
schwindigkcit  iind  /3  cin  zwischen  0  und  1  liegender  dimensions- 
loser  Faktor  ist. 

Fiir   die   bei   der   Lorentz-Transformation    auftrctcnde   Grosse 

,  fiihrcn  wir  die  abkiirzcnde  Bezeichnung  r/  ein ;  die  kinetische 

V  1  - 13- 

Energie  eines  Teilchens  ist  dann  nach  den  Formeln  der  speziellen 
Relativitatstheorie: 

£  =  wc2  (  •:^^j=  -1)  =  wc2  (>7-l) 

was  bekanntlich  bei  kleinen  Geschwindigkeiten  (/3<<1)  in  die 
gewohnliche  Formel  E  =  \  md  |S'  iibergeht. 

Driicken  wir  E  als  Produkt  Pe  einer  Spannung  P  und  der  Teil- 
chenladung  e  aus,  so  bedeutet  P  diejenige  Potentialdifferenz  (in 
Stat.  Einh.),  die  das  urspriinglich  ruhende  Teilchen  in  einem  be- 
schleunigenden  Feldedurchlaufen  muss,  um  die  Endgeschwindigkeit 
iSc  zu  erhalten,  bezw.  die  Potentialdifferenz,  die  bei  verzogerter  Be- 
wegung  das  Teilchen  von  der  Anfangsgeschwindigkeit  /3c,  auf  die 
Geschwindigkeit  Null  abbremst.  Wir  wollen  P,  das  (in  Volt  ge- 
messen)  gewohnlich  die  "Voltgeschwindigkeit"  genannt  wird,  hier 

1Tl  C" 

kurz  das  "Strahlpotentiar'  nennen  und  durch  P  =  —  iv  —  1)  dar- 

stellen.  Durchlauft  ein  Teilchen  mit  dem  Strahlpotential  Po  eine 
beschleunigende  oder  bremsende  Potentialdifferenz  n,  so  ist  am 
Ende  der  Bahn  sein  Strahlpotential  P  =  Po^n.  Fiir  die  Be- 
rechnung  der  Zeit,  die  es  zu  dieser  Strecke  braucht,  ist  es  von 
Bedeutung,  dass  trotz  Aenderung  der  kinetischen  Energie  die  Ge- 
schwindigkeit sich  nur  wenig  andert,  falls  /So  sehr  gross  ist.  Durch- 
lauft z.  B.  ein  Teilchen  mit  /3o<0.3  in  einem  bremsenden  Feld 
konstanter  Starke  bis  zum  Umkehrpunkt  die  Strecke  /,  so  ist  die 
Bewegung  sehr  annahernd  eine  gleichformig  verzogerte  und  daher 
die  mittlere  Geschwindigkeit  t~  =  ^  ^^c.  Ist  dagegen  z.  B.  ^^  = 
0.9999  und  /  bei  entsprechend  verstarktem  Felde  ebenso  gross  wie 
friihcr,  so  ist  nach  Durchlaufen  \on  0.98  /  die  Geschwindigkeit 
immer  noch  grosser  als  0.9  r,  die  Bremsung  erfolgt  rapid  im  letzten 
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kleinen  Stiick  der  Bahn  unci  die  mittlere  Geschwindigkeit  liegt 
nur  wenige  Prozente  unter  der  Anfangsgeschwindigkeit. 

Das  fiir  das  Verhaltsn  in  magnetischen  Feldern  charakter- 
istische  Produkt  Hp  (in  r.  cm)  aus  magnetischer  Feldstarke  und 
Kriimmungsradius  ist  in  unserer  Bezeichnungsweise: 

Hp  =  —  .  -n^ 

denn  my]  ist  die  "transversale  Mas.se"  und  ^c  die  Geschwindigkeit. 
Fiir  sehr  grosse  Geschwindigkeiten  (/3  nahe  glcich  1,  rj  gross  gegen 
1)  werden  daher  die  Grossen  Hp  und  P  (in  stat.  Einh.)  einander 
nahezu  gleich.  Die  numerischen  Werte  veranschaulicht  die  fol- 
gende  Tabelle: 


/3 

V 

(^-1) 

vii 

0.0 

1.000 

0.000 

0.000 

0.1 

1 .  005 

0  005 

0.100 

0.2 

1.020 

0.020 

0.204 

0.3 

1 .  048 

0.048 

0.314 

0.4 

1.091 

0.091 

0.436 

0.5 

1.155 

0 . 1 55 

0.578 

0.6 

1  .  25'J 

0.250 

0 .  750 

0.7 

1  .  400 

0 .  400 

0 .  980 

0.8 

1.667 

0.667 

1.334 

0.9 

2.294 

1  .  294 

2,065 

0.95 

3 .  203 

2 .  203 

3.043 

0  99 

7.089 

6 .  089 

7,018 

0.995 

10.01 

9.012 

9,962 

0 .  999 

22.36 

21.36 

22.34 

1-10-^ 

70.71 

69.71 

70,70 

1-10-5 

223.6 

222.6 

223.6 

1-10-6 

707  1 

706.1 

707.1 

IViC' 

Fiir  die  Berechnung  \'on  P  =  (^^  ~  1) 


gel  ten  die  Werte: 


unci  Hp  =  7?/3 

e 


ttic 

=  1694  l)ei  Klektronen 

e 


=  ^A^x  10''  hei  //-Kernen 
=  6.21  X  10''  hei  a-Teilchen 

und   leiclit   analog  zii   ennittelndc  Werte  fiir  positixe  Atoniioncn 

andcrer  Art. 


UEBER  DIE  SELBSTAUFLADUNG  109 

3.       DIK  Sl':LHSrAUFLAUUN'(;    DURCH    SPONTAXK    KORPUSKULARSTRAII- 

LUNG. 

Wir  nehnicn  an,  dass  cine  feste  Kugel  vom  Radius  a  von  abso- 
lutem  Vakuuni  ungebcn  sci  und  spontan,  d.  h.  ohnc  Mitwirkung 
eines  clektrischen  Fcldcs,  nach  Art  eines  radioaktivon  Korpers  eine 
homogene  Korpuskularstrahlung  (Strahlpotcntial  P^)  aussende. 
Es  sei  z  die  Zahl  der  Teilchen  pro  Flachen-  und  Zeiteinheit,  also  /  = 
Aira-ze  der  ganze  ausgesandte  Strom.  Der  Einfachheit  halber 
setzen  wir  weiter  voraus,  dass  die  Strahlung  die  Oberflache  iiberall 
senkrecht  verlasse. 

Die  Kugel  nimmt  dann  eine  Ladung  entgegengesetzten  Vor- 
zeichens  an,  erzeugt  dadurch  ein  bremsendes  Feld  und  erreicht 
asymptotisch  einen  stationaren  Ladungszustand,  bei  deni  in  der 
Zeiteinheit  ebensoviele  Teilchen  auf  die  Kugel  zuriickgetrieben  als 
spontan  emittiert  werden.  Es  sei  Emission  negativer  Teilchen  und 
daher  positi\e  Aufladung  vorausgesetzt;  der  umgekehrte  Fall  ist 
dann  natiirlich  durch  Yorzeichenswechssl  in  den  Formeln  erledigt. 
Zunachst — vom  ungeladenen  Zustand  beginnend — gehen  die  emit- 
tierten  Teilchen  in  unendliche  Entfernung,  solange  bis  die  Kugel 
eine  Ladung  im  Betrage  P^  a  angenommen  hat:  sobald  dieser 
Grenzwert  iiberschritten  ist,  werden  alle  weiterhin  ermittierten 
Teilchen  in  endlicher  Entfernung  A  zur  Umkehr  gebracht  und 
gelangen  nach  einer  gewissen  Zeit  2  T  (Steigdauer  und  Falldauer) 
wieder  zuruck.  Im  stationaren  Zustande  ist  die  Ladung  der  Kugel 
Qa>Poa,  die  zwischen  r^a  und  r  =  A  auf  dem  Hin-  oder  Riickwege 
befindilchen  Teilchen  haben  eine  Gesamtladung  —Q'  und  es  muss 
die  Bedingung  erfiillt  sein: 

Qa-Q'  =  Poa  (1) 

Andepcrseits  muss  gelten: 

Q'  =  \T,a?ze  .  IT  =  I. IT  (2) 

da   eben   die   negative   "Teilchenatmosphare"   aus   den    innerhalb 
der  Zeit  27"emittierten  Teilchen  besteht. 

Die  stationare  Ladung  Qa,  die  L^mkehrentfernung  A  und  die 
Steigdauer  T  sind  also  abhangig  von  P^,  a  und  /.  Die  Berechnung 
dieser  Grossen  und  der  Feldverteilung  im  allgemeinen  Falle  ist 
ziemlich  kompliziert;  es  seien  daher  hier  nur  einige  Spezialfalle 
bahandelt. 

Es  werde  angenommen,  dass  die  Anfangsgeschwindigkeit  /Sq- 
klein  und  daher  die  Teilchenmasse  praktisch  konstant  sei;  fcrner 
dass  die  Emission  /  so  klein  sei,  dass  das  Feld  der  Raumladung  —Q' 
vernachlassigt   werden    kann.      Dann    liisst   sich   zu   jedem   vorge- 
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gebenen  Werte  der  Umkehrentfernung  A  die  zugehorige  Ladung 
Qa   und  die  Steigdauer  T  berechnen.     Zunachst  folgt  aus  den  Po- 

tentialwerten   V    —  — ^  und    V ,  =  -r  =  V    —  P„  die  Gleichung: 


a(-i-l)  =  ^o-"^'^°" 


(3) 


a       A.  ~  2  e 

Ferner  folgt  aus  der  fiir  den  Fall  eincs  Teilchens  im  Felde  der 

Ladung  (2a  geltenden  Differentialgleichung:    nt -t-t,  ~~       "    " 


r- 


und 


dr 


aus  der  Anfangsbedingung,  dass  r  =  A  und  -f  =  ^  fiir  /  =  0,  nach 
Integration  die  Gleichung: 


r     \A       ,    ,  \A 

-T  A 1  +  arctan  ^  — 

A\r  \  r 


1  = 


\2Qae 


\A' 


und  hieraus  fiir  die  Falldauer  T 
T 


_      \Ahn_  r  a     \A_ 
~  \2Q7e  U\a  ~ 
oder  unter  Beriicksichtigung  der  Gleichung  (3) 


1  +  arctan  *| 1 

\  a 


Ml 

1  +arctan  *  i 1 

\  a 


I3^c       \  a) 


(4a) 


(4b) 


Numerische  Werte  der  hicr  auftretenden    Funktion  f  (— )  gibt 


folgende  Tabelle: 

A 
a 

1 

1.25 

2 

5 

10 

50 

101 

401 

901 

10001 

<6 

0 

0.432 

1.285 

3.02 

4.65 

11.0 

15.7 

31   4 

47   2 

158 

Vermcige  der  Glcichungen    (1)  und  (2)  ist  nun  (Ja  =  2   T  I  -\- 


PoH,  andererseits  nach  Gleichung  (3)  Qa  =  P^a ,  also 

21  T  =  P^a 


A-a 


(5) 


Es  kann  somit  aus  (46)  und  (5)  zu  eineni  vorgegebcncn  Werte  A 
berechnct  werden,  welche  F^mission  /  dazu  notig  ist;  die  Formel 
(5)  gilt  nur,  wenn  A  gross  gegen  a,  da  nur  dann  die  Voraussetzung 
erfiillt  ist,  dass  —Q'  \ernachlassigt  werden  kann. 

Kin  nunierisches  Reispiel  soi  rlas  folgende:  cine  Kugel  \on  der 
Grosse  des  Mondes  ia  =  1.74x10'*  cm,  47ra'  =  38.\10""'  cm'-)  sende 
/3-Strahlen    niit    der   .Anfangsgeschwindigkeil    ^^  —  ^^-3,    Strahlpo- 
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tential  Po  =  ^2  stat.  Kinh.  aus.  Wcnn  die  I'mkehrentfernung 
A  =  401«  sein  soil  (also  ungefiihr  doppelt  so  gross  wie  die  Dislanz 
Mond-Krde),  so  hcrechnet  sich  nach   (4^)  und  ohiger  Tahelle  die 

Steigdauer  T  =  ^  g].-^^^,  ^  ^^-^  =  ^45  sec  und  daraus  weiter  nach 

Stat -Einh.  ,,    Klcm.  quanten     ,  ,. 

(5)  /  =  0.72x10^'  stat_t;£nn.^  1.5x10"    -f .   bezw.  die 

sec  sec 

Zahl  c  =  4x10-^  /3-Strahlen^     p..^  ^  ^  ^^^^^  ,^,^^   ^^^^^^^   ^U^.   ,^^^lj^^ 

cm-,  sec 
Distanz  Mond-Krde,  wird  analog  T  =  30.5  st^c  und     /  =  0.49xl0'« 

Elem.  quanten      ,  i^n   m  4    i^-Strahlen 

oder  z  =  1 30x10-^   r, • 

sec  t:'ii"  ^t^^ 

Je  holier  /,  bezw.  z  wird,  urn  so  hoher  ist  Qa,  urn  so  kleiner  A 
und    T.     Schon  bei  ganz  schwacher   |3-Strahlung  der  Mondober- 

flache  (0  01  -^-— ^)    wiirden    die   Teilchen   die    Erde   nicht    mehr 

cm-  sec 
erreichen,  wobei  der  Mond  als  absolut .atmospharenlos  angenom- 
men  ist.    Zum  Vergleich  sei  bemerkt,  dass  eine  Oberflache  von  der 
Beschaftenheit  der  Erdrinde  etwa  7x10-^  /3-Strahlen  pro  cm^  und 
sec  aussendet. 

Bei  schnellen  Strahlen  wird  allerdings  die  einer  vorgegcbenen 
Entfernung  A  zugeordnete  Steigdauer  verkleinert,  Po  vergrossert, 
also  /  betrachtlich  vergrossert.  Es  lasst  sich  aber  leicht  berechnen, 
dass  selbst  bei  einer  enorm  raschen  (experimentell  nicht  bekannten) 
i8-Strahlung  mit  13^  =  0.999,  P^  =  35500  stat.  Einh.  die  zu  ^  = 
101a  gehorige  FLmission  auf  das  rund  20000  fache  des  vorigen 
Beispieles  erhoht  wiirde  und  somit  auch  in  diesem  Falle  eine   13- 

Strahlung  von  200    '"^'"^,    ^",  was  bei  radioaktiven  Messungen  als 

cm'  sec 
eine  zwar  gut  messbare,  aber  immcrhin  schwache  Strahlung  be- 
zeichnet  wiirde,  nicht  mehr  die  Erde  erreichen  wiirde. 

Fur  cine  fiktive  a-Strahlung  mit  ^^  =  0-1.  ^o  =  31000  ergibt 
sich  durch  analoge  Rechnung,  dass  zu  ^  =  101a  eine  Emission  von 

a-Strahlen  ,     ^  .  ^ 

z  =    :; zugeordnet  ist. 

cm''  sec 

Zusammenfassend  kann  man  also  sagen,  dass  bei  Korpern  von 
den  Dimcnsionen  der  Weltkorper  schon  eine  fiir  unsere  Beobacht- 
ungsmethoden  schwache  oder  hochtens  massige  Emission  kor- 
puskularer  Strahlen  durch  Aufladung  des  emittierenden  Korpers 
ein  bremsendes  elektrisches  Feld  erzeugt,  das  die  Teilchen  schon 
in  relativ  geringer  Entfernung  zur  Umkehr  zwingt  und  nicht  bis  zu 
benachbarten  Weltkorpcrn  kommen  liisst.  Der  cmittierende 
Korper  nimmt  dabei  im  stationaren  Zustande  eine  Ladung  an,  die 
grosser  als  P^a  ist.  Mit  wachsender  Starke  der  F:mission  stcigt 
diese  Ladung,  wahrend  die  Umkehrentfernung  abnimmt. 
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4.       DIE    SELBSTAUFLADUNG    BEI    GLEICHZEITIGER    SPONTANER    EMIS- 
SION   POSITIVER    UND    NEGATIVER    STRAHLUXG. 

Wie  friiher  sci  eine  Kugel  (Radius  a)  gegeben,  die  sich  in  einem 
Vakuum  befindet  und  gleichzeitig  eine  positive  Strahlung  der 
Gesamtintensitat  I^  und  eine  negative  I^  aussende,  wobei  /.,  >  /,, 
so  dass  die  Kugel  eine  positive  Ladung  annimt.  P^  sei  wieder  das 
Strahlpotential  der  negativen  Strahlung. 

Unter  der  (physikalisch  nicht  realisierbaren)  Voraussetzung, 
dass  die  negative  Strahlung  absohit  homogen  sei  und  die  Oberflache 
genau  senkrecht  verlasse,  existiert  dann  iiberhaupt  kein  slationdrer 
Ladnngsziistand.  Denn  ist  Qa^P^a,  so  gehen  alle  Tcilchen  ins 
Unendliche  und  infolge  des  Ueberwiegens  der  ncgativer  Emission 
wachst  Qa  liber  den  Betrag  P^a  an.  Ist  aber  Qa  >Poa,  so  gelangen 
schliesslich  alle  emittierten  negativen  Teilchen  wieder  zuruck, 
wahrend  die  fortgehende  positive  Strahlung  /,  eine  Abnehme  von 
Qa  unter  P^a  bewirkt.  Das  Resultat  ware  ein  periodisches  Schwan- 
kcn  um  den  Betrag  Po^. 

Nchmcn  wir  aber  an,  dass  die  Anfangsgeschwindigkeiten,  bezw. 
Strahlpotentiale  der  negativen  Teilchen  nicht  absolut  gleich, 
sondern  iiber  ein  beliebig  kleincs  Intervall  P^  bis  -Pq  +  A-Po  ^er- 
teilt  sind,  so  lasst  sich  stets  ein  dazwischen  liegenden  Wert  P 
angegcben,  derart  dass  die  Emission  allcr  Teilchen,  deren  P>  P 
ist,  den  Betrag  7,  annimt  und  somit  die  positi\e  Emission  kom- 
pensiert.    Pa  ist  dann  die  stalioniire  Ladung  der  Kugel. 

5.       DIE     SELBSTAUFLADUNG     EIXI':S     SPOXTAN     STRAIILEXDEX     lOXI- 
SIERTEX    KORPERS. 

Im  Gegensatze  zu  den  Voraussetzungen  der  \origen  Abschnitte 
sei  angenommen,  dass  der  emittierende  K()rper  in  seiner  Oberflachen- 
schichte  eine  sehr  grosse  Zahl  freier  i^lektrizitatstrager  (lonen^ 
enthalte,  z.  B.  ein  gliihender  Gasball  wie  die  Sonne  oder  ein  fester 
Kfirper  mit  stark  ionisiertcr  Atmosphiire  wie  die  Erde  sci. 

Wie  nehmen  ferner  wieder  eine  spontane,  negative,  senkrecht 
austretende  homogene  Korpuskularstrahlung  vom  Strahlpotential 
Pq  und  der  Gesamtstiirke  /  an.  Das  von  der  SelbstauHadung 
erzeugte  Feld  treibt  die  in  der  Oberflache  ruhenden  positiven  lonen 
nach  aussen  und  es  tritt  ein  stationiirer  Zustand  ein,  solxild  der 
lonenstrom  die  spontane  Emission  kompensicrt.  Die  Berechnung 
des  dazu  notigen  Feldes  erfordert  die  Losung  eines  Problems,  das 
man    als    Ermittlung   di-s    " Raumladun^s^renzstroines   im    Vakuum 
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zu'ischen  konzentrisclicii  Kugelfldchen"  bezeichnen  kann.  Analoge 
Probleme,  die  sich  aber  auf  den  Grenzstrom  zwischen  parallelcn 
ebcnen  Flatten  oder  zwischen  konzentrischen  Zylinderflachen  be- 
ziehen,  vvurden  von  Langmuir^  und  von  Schottky*  gelost. 

Es  werde  also  zunachst  die  folgende  Aufgabe  behandelt:  Ge- 
geben  ist  eine  Kugel  mit  stark  ionisierter  Oberflache  und  dem 
Radius  a  innerhalb  einer  leitenden  konzentrischen  Hohlkugel  mit 
dem  Radius  A  ;  zwischen  beiden  sei  Vakuum.  Wenn  die  innere 
Kugel  auf  dem  Potential  Null,  die  aussere  auf  dem  konstanten 
Potentiale  —  F,i  gehalten  wird,  geht  ein  strom  positiver  lonen  von 
innen  nach  aussen,  dessen  Starke  /  zu  berechnen  ist. 

Untcr  der  Voraussetzung,  dass  die  Kndgeschwindigkeit  der 
positiven  lonen  (Masse  m,  Ladung  e)  nach  Durchlaufen  der  Po- 
tentialdifferenz  Va  immer  noch  klein  gegcn  die  Lichtgeschwindig- 
keit  sei,  gilt  nach  Langmuir  (/.  c): 

a.  Zwischen  ebenen  Flatten  in  der  Distanz  A  ist  bei  der  Span- 
nung  Va  die  Stromdichte 

b.  Zwischen  konzentrischen  Zylindern  (Radien  a  und  A)  ist  der 
Strom  pro  Langeneinheit : 

.  ^  2     Tu        vl 

wobei  </)  eine  durch  eine  unendliche  Reihe  darstellbare  Funktion  ist, 
die  bei  wachsendem  Argument  sich  rasch  dem  Grenzwert  1  nahert. 

c.  Schliesslich  beweist  Langmuir,  dass  auch  bei  beliebig  ge- 
stalteten  Elektroden  der  Gesamtstrom  I  proportional  zu  V ^  ist. 

Es  bleibt  also  fiir  den  hier  vorliegenden  Fall  noch  die  Abhangig- 
keit  des  /  von  a  and  A  zu  bestimmen. 

In  diesem  Falle  gilt  fiir  eine  Entfernung  r,  in  der  das  Potential 
den  Wert  —  F(r)  hat 

—  =  e  V  (r)  (6) 

Eine  zweite  Gleichung  erhalten  wir  aus  der  Kontinuitatsbc- 
dingung,  dass  das  Produkt  aus  der  Ladung  einer  Kugelschale,  die 
von  r  bis  r  +  dr  reicht,  und  der  dort  vorhandenen  lonengeschwin- 
digkeit  v  den  konstanten  Wert  Idr  haben  muss.    Da  nun  die  Feld- 

'I.  L.\NGMCIR,  Phys.  Rev.  (2)  2,  450,  1913;  Phys.  Zeitschr.  15.  348  u.  516,  1914. 
«W.  ScHOTTKY,  Phys.  Zeitschr.  15,  526,  1914. 
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Starke,  durch  —j-,  die    gesamte    innerhalb    r    befindliche    Ladung 

dV 
durch   r-  —     und    somit    die    Ladung    der    Kugelschale    durch 

dV 
f/[r^  -T-  ]  gegeben  ist,  folgt: 
dr 


und  unter  Beriicksichtigung  der  Gleichung  (6)  weiter 


dr  dr 


m 


=   ^-'=^ 


(7) 


(8) 


Durch  die  Substitution  von  neuen  Variablen 


V  =  log  nat  —   und  rp  =   V 

geht  die  Differentialgleichung  (8)  iiber  in 

'dxl^ 

I  —1—      I    /tij 

d$ 

Die  Darstellung  \-on  \}/  durch  eine  Potenzreihe  und  zwar  unter  Be- 
riicksichtigung der  Anfangsbedingung,  dass  fur  r  —  a  oder  1  =  0; 
V  =  0  und   daher  i/'  =  0  ist,  in  der  Form  yp  =  a^^  -\-  a^^  -\- 


^2^  J   +  ^  \di 


+  12,A^    =  9A' 


(9) 


=  a,^ 


1+^^+^!^   + 


liefert  dann   aus   Gleichung    (9) 


=  t\  «i ;  "4  = 


fiir  die  Werte  der  Koeffizienten 

ttj  =  I  \/K;  0-2  =  -   i\   aj ;  a, 
und  somit  die  Gleichung 

^=  FK  =  I  VX  lognat  ^  [1  -  A  log+^^,log2- 4blog='  + 
oder 

^3\  4 

beziehungsweise: 


Fa  =  |^)^(;^ 


^ j^  (log  nat  - 


l-f„log  + 


T  —  i      '_ 


V. 


\\2 


\  ni      i  log  nat  —  ) 


^,log  + 


I  (10) 
(10a) 

(10/)) 


Bei  wachsendcr  Kntfernung  der  Klektroden  steigt  also  die  zur 
Krziehung  eines  gegebenen  Stromes  /  notwendige  Spannung  Va 
ebenso  wie  bei  den  von  Langmuir  behandelten  Fallen  ins  Unend- 
liche  und  zwar  hier  logarithmisch  mit  yl.  Von  ciner  gehulenen 
ionisierten  Kugel  ware  also  bei  endlicher  Spannung  iiberhaupt 
kein  endlicher  stationarer  Strom  in  den  umgebenden  unendlichen 
Raum  zu  erziel'-n,  im  Gcgcnsatz  z.  B.  zu  ciner  geladencn  Kugel  in 
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cinem  uiKMullich  aiisgc'dfliiUcn  nach  dcni  Ohm'schen  Gesetze 
leitenden  Medium.  Abcr  diese  Unmoglichkeit  beruht  auf  der 
Wirkuiig  dor  Raumladimg  und  fiillt  weg,  wenn  in  hinreichender 
Entfernung  die  positive  Raiimladung  der  abstromenden  lonen 
durch  eine  negative  Raumladung  kompensiert  wird. 

Dies  ist  der  Fall  bei  dem  von  uns  urspriinglich  betrachtetcn 
Vorgang,  wo  die  ionisierte  Kugel  gleichzeitig  eine  negative  Emission 
/  besitzt.  Im  stationaren  Zustand  tritt  dann  folgende  Feldver- 
teilung  ein:  die  Kugel  ladt  sich  auf  ein  positives  Potential  n  auf; 
fiir  r>a  nimmt  V{r)  zunachst  langsam,  dann  rasch,  dann  nach 
Ueberschreitung  eines  Wendepunktes  wieder  langsamer  auf  den 
Wert  Null  in  r  =  cx)  ab;  die  Raumdichte  ist  iiberall  positiv  und  sinkt 

mit  wachsenden  ;-  asjmptotisch  und  zwar    raschcr   als  -3  abneh- 

mend  auf  Null.  Die  Bedingung  hierfur  ist,  dass  fur  grosse  Werte 
von  r  die  Geschwindigkeiten  der  spontan  emittierten  negativen 
Teilchen  und  der  durch  das  Feld  beschleunigten  positiven  lonen 
gleich  werden,  da  sowohl  die  Raumdichten  als  auch  die  Strom- 
dichten  (Produkte  aus  Raumdichte  und  Geschwindigkeit)  gleich 
sein  sollen. 

Nun  ist  in  grosser  Entfernung  fiir  die  spontane  negative  Strahl- 
ung  mit  dem  ursprunglichen  Strahlpotential  P^  infolge  der  Ver- 
zogerung  P^=Po  —  ^,  wahrend  die  feldgetriebenen  positiven  lonen 
schliesslich  ein  Strahlpotential  n  erhalten. 

Beziehen  wir  daher  den  Index  1  auf  die  spontan  emittierten 
Teilchen,  den  Index  2  auf  die  feldgetriebenen  lon^n,  so  gilt  nach 
den  im  Abschnitt  (2)  angefiihrten  Beziehungen: 

p^_n=  ^^"  (r/,-1)  und  n=  ^^'  (^,-1)  und  somit,  da  fiir 
^  =  00  :  /3,  =  /3,  und  daher  auch  y]^=v,^  die  Gleichung 

Diese  Gleichung  (11)  muss  auch  dann  erfiillt  sein,  wenn  die 
anfanglich—zur  Berechnung  von  (10)— vorausgesetzte  Bedingung, 
dass  die  Endgeschwindigkeit  /3,f  fur  r  =  oc  klein  gegen  die  Licht- 
geschwindigkeit  sei,  nicht  mehr  erfiillt  ist.  Nur  die  Feldverteilung 
in  der  Tmgebung  der  emittierenden  Kugel  wird  dann  verandert, 
derart  dass  das  (iebiet  merklicher  Raumdichte  sich  wciter  hinaus 
erstreckt.  . 
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Einsetzen  numerischer  Werte  zeigt,  class  bei  spontaner  Elek- 
tronenstrahhing  (/3-Strahlung)  iind  H-Ionen  als  Tragern  der  feldge- 
triebenen  Strahlung  ?,  =  (',,  ^2  =  1848  w,,  also  n  =  ||t|  P^  wird. 
Umgekehrt  ware  bei  spontaner  If-Strahlung  und  feldgetriebener 
Kathoden-  (Elektronen-)  Strahlung  dann  11  =  j  ^^,^  P^  und  analog 
bei  spontaner  a-Strahlung  n  =  ^^^c,  Pq- 

Bei  Anwendiing  auf  die  Sonne  ergibt  sich  daraus  das  bemerkens- 
werte  Resultat:  ob  man  nun  von  der  Birkeland-Stormer'schen 
Hypothese  einer  spontanen  Elekironen-emission  der  Sonne  aus- 
geht  oder,  der  urspriinglichen  Auffassung  \'egard's  folgend,  eine 
spontane  positive  Strahlung  annimmt.  in  jedem  Falle  miissen  im 
stationaren  Zustand  in  grosser  Entfernung  beide  Strahlengattungen 
vorhanden  sein  und  zwar  mit  gleicher  mittlerer  Inlcnsitat  und  mit 
gleicher  Teilchengeschwindigkeit,  so  dass  entsprechend  der  gros- 
seren  Masse  die  positive  Strahlung  eine  grossere  magnetische 
Steifigkeit  und  Durchdringungsfahigkeit  besitzt  als  die  negative. 

Bekanntlich  wurde  in  massigen  Breiten  (Deutschland,  England) 
haufig — ohne  jeden  Zusammcnhang  mit  ausgesprochenen  Xord- 
lichterscheinungen  oder  magnetischen  Storungen — mittels  hin- 
reichend  lichtstarker  Spektroskope  die  Nordlichtlinie  im  Lichtc 
des  nachtlichen  Himmels  beobachtet  (Wiechert,  Rayleigh)  und 
daraus  manchmal  auf  ein  allerdings  schwaches  aber  permanentes 
Xordlicht  \'iel  grosserer  raumlicher  Verbreitung  geschlossen.  Bei 
der  gewohnlichen  Auffassung  ist  es  eigentlich  nicht  recht  ver- 
standlich,  warum  die  magnetisch  steife,  aber  schwache  Strahlung 
so  haufig,  dagegen  die  stark  ablenkbare  intensive  Strahlung,  welche 
die  Nordlichter  im  gewohnlichcn  Sinne  des  Wortes  erzeugt,  seltener 
ist.  Diese  Tatsache  wird  verstiindlich,  wenn  wir  annehmen,  dass 
fast  immer  \on  irgend  welchen  "aktiven"  Stellen  der  Sonne  Biindel 
spontaner  negativer  Strahlung  ausgehen.  aber  nur  bei  giinstigcr 
Konstellation  die  Erde  treffen  und  dann  infolge  ihrer  geringen 
Steifigkeit  hauptsachlich  in  den  Polargegenden  intensive  Lichter- 
scheinungen  hervorrufen;  dass  aber  die  feldgetriebene  positive 
Strahlung  (in  erster  Linie  wohl  //-Kerne)  gleiihnu'issiji,  also  mit 
geringerer  Stromdirhte,  \'on  der  ganzen  Sonnenoberflache  emittiert 
wird,  daher  immer  ziir  Ivrde  gelangt  und  dann  bei  ihrer  griisscren 
Steifigkeit  schwache,  jedoch  bis  in  niedere  Breiten  reichende  Licht- 
erscheinungen  in  der  Atmosphare  erzeugt.  .\ucli  .ds  Erregcr  einer 
sekundiiren  7-Strahlung  (sehr  durchdringendeii  Strahlung  in  der 
Atmosphare)  kiime  sie  excntiiell  in  Hetradit. 

Ferner  ist  zu  beriicksichtigeii.  dass  xon  der  Soime  ausgchendc 
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BiiiKlcl  spontaner  Strahlen  unter  gunstigcn  Umstanden  im  Mag- 
netfelde  eines  Planeten  abgelenkt  und  dann  durch  die  elektro- 
statischen  Kriifte  zur  entgcgcngesetzt  geladenen  Sonne  zu- 
riickgetrieben  werden  konnen;  hierdurch  wird  die  Ladungsbilanz 
der  Sonne  gestort  und  die  Emission  der  feldgetnebenen  Strahlen 
vcrnndert  Die  vieltach  vermuteten  ''Reflexivirkiingen'^  der 
Planeten,  die  sich  in  Periodizitaten  der  Sonnenaktivitat  aussern, 
welche  mit  den  Perioden  der  Planeten  iibereinstimmen,  wiirden  so 
einer  physikalischen  Erklarung  naher  geruckt. 

Schliesslich  scien  noch  einige  numerische  Resultate  abgeleitet. 
Aus  den  direkt  beobachteten  Daten  schliesst  Stormer^«  bei  den 
haufigsten  Nordlichtformen  auf  eine  erregende  negative  Strahlung, 
bei  der  das  Produkt  Hp  von  der  Grossenordnung  /OOr.  cm  ist 
Entsprechend  der  Tabelle  in  Abschnitt  2  folgt  daraus  abgerundet 
ein  Wert  /3  =  0.-i  und  P  =  80  stat.  Einh.  Nehmen  wir  H-Kerne  als 
hauptsachliche  Trager  der  feldgetriebenen  positnxMi  Strahlung  an 
so  folgt  aus  ^  =  0.4  der  Wert  n  =  280000  stat  Einh.  und  nach 
Gleichung  (11)  Po  nahezu  gleich  gross.  Aus  P^  berechnet  sich. 
dass  die  Anfangsgeschwindigkeit  der  spontanen  Strahlen  zwischen 
n-10-^)  und  (1-10-^)  liegt.  Fiir  die  positiven  Strahlen  hat  bei 
^  =  0.4  das  Produkt  Hp  den  Wert  1.3xl0«r.  cm.  Die  positive 
Sonnenladung  wird  a  =  n,  =  rund  2xl0^«  stat.  Emh.=4xl0- 
Elementarquanten  (a  =  7xlOi«  cm  gesetzt).  .      c^„ 

Man  kann  noch  fragen,  in  welcher  Zeit  nach  Beginn  der  Spon- 
tanstrahlung  der  stationare  Zustand  praktisch  erreicht  wird.  Uhne 
Kompensation  durch  positive  Strahlen  ware  die  Endladung  in  der 
2eit  r  =  2£  erreicht ;  bei  einer  der  vorhandenen    Ladung    propor- 

tionalen  lonenemission  ware  Qit)  =  Qail  -c^"  also  z.  B.  Q{t)  = 
0.95  (2a  fur/ =  3r.       Tatsachlich    erfolgt    die    lonenemission    nacli 

Formel  (106)  proportionel  zu  v\  bezw.  Q\  ist  also  kleiner  als 
eben  angenommen.  Die  Zeit.  nach  welcher  95%  der  Endladung 
erreicht  werden,  ist  daher  grosser  als  r,  kleiner  als  •^^' ^om^^  ^_on  der 
Grossenordnung  2t.    Soil  dies  z.  B.  in  rund  22  Stunden  =  80000  sec 

4x10-^  Elementarquanten    ^.qo,  ^^j^^ 
erreicht  werden,  so  muss  /  =  -;^^^,  Sekunden 

Dem  entspricht  eine  Emission  \on  nur  ^\,  pro  cm-  und  sec  fur  die 
positiven  lonen  und  von  17  ^-Strahlen  pro  cm=^  und  sec  fur  die 
spontane  Strahlung.  falls  1  Promille  der  Sx)nnenoberHache  als 
"aktiv"  angenommen  wird.  Bei  starkerer  Emission  erfolgt  die 
Herstellung  des  stationaren  Zustandes  entsprechend  rascher. 

•Vergl.  insbesondere  L.  A.  Bauer.  Terr.  Mag.,  26,  1921.  pp.  40.  65-66,  und  113-115. 
■•C.  StoRMER.  Ceofys.  Publ.  1,  Nr.  5.  Kristiania.  1921. 
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ZUSAMMENFASSUNG, 

1.  Es  werden  kurz  die  beobachteten  ErscheinungcMi  be- 
sprochen,  die  zu  Hypothesen  iiber  die  Existenz  von  korpuskularen 
kosmischen  Strahlungen  gefiihrt  haben,  und  die  Wichtigkcit  bc- 
tont,  die  theoretischen  Konsequenzen  beziiglich  des  Ladimgszii- 
standes  der  emittierenden  Weltkorper  abzuleiten 

2.  Die  Bestimmungsmerkmale  korpuskularer  Strahlen  werden 
besprochen,  speziell  das  "Strahl potential"  P,  das  als  Quotient  der 
kinetischen  Energie  und  der  elektrischen  Ladung  eines  Teilchens 
definiert  ist,  sowie  die  magnetische  AbJcnkbarkeit.  Eine  Tabelle 
zur  Berechnung  dieser  Grossen  bci  verschiedenen  Geschwindig- 
keiten  ist  beigefiigt. 

3.  Die  stationare  Ladung  einer  Kugel,  die  spontan  Korpusku- 
larstrahlen  ins  umgebende  Vakuum.  aussendet,,  wird  berechnet. 
Sie  ist  grosser  als  das  Produkt  Pa  aus  Strahlpotcntial  P  und  Kugel- 
radius  a  und  steigt  mit  der  Intensitat  der  Emission  an.  Die 
emittierten  Teilchen  werden  dabei  in  einer  Entfernung  A  zur 
Umkehr  gebracht;  der  Wert  von  A  wird  ebenfalls  berechnet. 
Numerische  Beispiele  fiir  den  Mond  als  supponierte  Strahlenquelle 
werden  beigefiigt. 

4.  Die  stationare  Ladung  bei  gleichzeitiger  spontaner  Emission 
\on  positi\^en  und  negativcn  Korpuskularstrahlen  wird  berechnet. 

5.  Analoge  Rechnungen  werden  durchgefiihrt  unter  der  An- 
nahme,  dass  eine  in  der  Oberflache  stark  ionisierte  Kugel  eine  spon- 
tane  Strahlung  und  daher  infolge  ihrer  Aufladung  eine  kompen- 
sierende  feldgetriebene  lonenstrahlung  aussende.  Im  stationaren 
Zustande  sind  in  grosser  Entfernung  dann  positive  tind  negative 
Strahlen  von  gleicher  mittlerer  Intensitat  und  gleicher  Gesch-windig- 
keit  vorhanden. 

Die  Resultate  werden  auf  die  Verhaltnisse  bei  der  Sonne  ange- 
wendet  und  einige  numerische  Beispiele  berechnet. 

Phvsikai.ischks  Lnstitut  der  Uxiversitat  IXNSnRLCK. 


ON  THE  SECULAR  VARIATION  OF  THE  MAGNETIC  DEC- 
LINATION IN  EKL^TERINBURG  AND  SIBERIA. 

By  Robert  Abels,  Physicist  at  the  Ekaterinburg  Observatory. 

Using  as  a  basis  the  magnetic  observations  made  by  Dr.  A. 
Smirnow  in  1900,  1901,  and  1909,  and  those  in  1916,  by  the  author 
of  the  present  paper,  as  well  as  the  observations  at  the  Ekaterinburg 
Observatory,  it  is  found  that  the  magnetic  needle  reached  recently 
in  Siberia  its  maximum  eastern  declination  and  that  it  has  begun  its 
reverse  movement  towards  the  west. 

At  Ekaterinburg,  the  north  end  of  the  needle,  since  1761,  when 
the  first  determinations  were  made,  until  the  year  1916,  has  moved 
constantly  towards  the  east  with  a  mean  annual  change  of  about 
four  minutes.  In  1761  the  value  of  the  declination  was  0°50'E;  in 
1916,  11°03.'8  E.  For  the  year  1917,  however,  the  annual  mean 
value  as  obtained  from  the  hourly  observations  at  the  Observatory, 
amounted  to  11°03.'7  E  and  for  1918,  11°03.'4  E.  Accordingly,  the 
needle  remained  stationary  during  1916-1917,  and  in  the  following 
year  moved  0.'3  towards  the  west.  It  may  be  expected,  therefore, 
that  it  will  now  continue  to  move  toward  the  west.' 

The  reverse  movement  of  the  magnetic  needle  began  earlier  in 
Siberia  than  at  Ekaterinburg,  as  may  be  seen  from  the  following 
data.  Among  the  points  at  which  the  author  made  observations 
in  1916,  there  were  four  at  which  Smirnow  had  observed  in  1901. 
These  values,  together  with  those  obtained  at  Ekaterinburg,  afford 
the  following  comparison : 

Table  1 
Station  pMsterly  Declination  Annual  Change 

1901.5  1916.5 

o  /  o  /  / 

Ekaterinburg 10  08.6  1103.8  3.  7  E. 

Petropavlovsk 12  26.0  13  00.1  2.  3  E. 

Tartarskaja 12  06.  7  12  25.  8  1.  3  E. 

Narym= 14  31.  7  14  -17.  0  1.  0  E. 

Mariinsk 11  16.  0  11  02.  7  0.  9  W. 

The  magnetic  needle,  accordingly,  during  the  period  1901-1916, 
or  for  the  epoch  1909,  mo\'ed,  in  general,  towards  the  east,  though 
with  varying  speed.  In  the  west  the  mo'\'ement  was  more  rapid 
than  in  the  east.  At  Mariinsk,  however,  where  the  movement  of 
the  magnetic  needle  was  likewise  pre\'iously  easterly,  the  westerly 
movement  began  about  1909.  There  must,  consequently,  have 
been  a  point  between  Tatarskaja  and  Mariinsk,  where  the  needle 

>  The  mean  annual  value  of  the  declination  at  the  Observatory  for  1919  was  11°02.'8;  for  1920 
11°01.'9,  and  for  1921,  11°01.'5. 

'Smirnow  observed  at  N'arym  in  1900,  and  found  the  declination  to  be  14''30.'7  E;  one  minute 
has  been  added  to  his  value  to  refer  it  to  the  year  1901. 
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stood  still  in  the  epo'ch  referred  to.  By  interpolation,  the  geo- 
graphic coordinates  of  this  place  are  found  to  be  (f)  =  55°. 8  N; 
X  =  82°. 9  E  of  Gr.  There  must  also  have  been  such  a  point  on  the 
line  joining  Mariinsk  and  Narvm,  probably  about  57°. 5  N  and 
84°.8  E. 

That  the  declination  was  easterly  at  Mariinsk  before  1909  is 
clear  from  D.  A.  Smirnow's  paper,  entitled  "Die  magnetischen 
Elemente  auf  der  Linie  von  Warschau  bis  Vladivostok  nach  den 
Beobachtungen  von  1901,  1904,  und  1909."  (Bulletin  dc  I'Acade- 
mie  Imperiale  des  Sciences  de  St.-Petersbourg,  1910).  On  the  last 
page  of  this  work  Smirnow  compares  the  observations  which  he 
made  at  the  same  stations  in  1901.5  and  1909.5.  From  these  data 
are  obtained  the  following  annual  changes  which  may  be  considered 
as  applying  to  the  epoch  1905.5: 

Table  2 

Annual  change  of  declination  1905.5 
Station  {1901.5-1909.5) 

I 

Ekaterinburg 4.  5  E. 

Petropavlovsk.. ......  3.  5  E. 

Tomsk. 2.  6E. 

Krasnojarsk 0.  9  E. 

Irkutsk 1.  5  W. 

This  table  gives  a  representation  of  the  secular  change  in 
declination,  similar  to  that  shown  in  the  foregoing  table.  Here  also 
the  change  in  declination  is  greater  in  the  west  than  in  the  east. 
There  is  a  difference,  however,  in  that  the  place  at  which  the  needle 
stood  still  in  the  year  1905  was  between  Krasnojarsk  and  Irkutsk, 
that  is,  farther  towards  the  cast,  than  in  1909.  By  interpolation, 
we  obtain  fo"  this  place  the  coordinates,  0  =  54°. 6  N.;  A  =  97°. 2  E. 

We  have  found,  then,  that  the  magnetic  needle  ceased  its 
easterly  movement  in  1905.5  at  <^  =  54°.6  N  and  A  =  97°. 2  E;  in 
1909.0  at  (^  =  55°.8  N  and  A  =  82°.9  E  and  at  0  =  57°.5  N  and 
A  =  84°. 8  E,  and  in  1917.0  at  </>  =  56°.8  N  and  A  =  60°.6  E. 

The  positions,  at  which  the  magnetic  needle  came  to  a  stop, 
have  accordingly  moved  gradually  from  east  to  west.  The  rate 
of  this  movement  as  obtained  from  the  data  for  1905.5  and  1917.0 
is  3.2  degrees  of  longitude  per  year. 

From  the  data  for  the  year  1909,  in  coml)in;ition  with  thos^  tor 
1905,  the  annual  motion  is  4°. 2  and  3°. 7,  while  in  combination  with 
those  for  1917,  2°. 8  and  3°.0,  resp'ictively.  In  round  numbers,  then, 
the  annual  retrograde  movement  of  the  magnetic  needle  has 
amounted  to  3  degrees  of  longitude. 

In  the  application  of  this  value  it  must  be  noted  that  it  is  per- 
haps dependent  on  geographical  latitude,  a  fact  which  seems  to  be 
indicated  by  the  two  values  for  1909.  At  any  rate,  there  can  be  no 
doubt  but  that  the  magnetic  needle  will  soon  assume  also  in  lunope, 
a  westerly  motion,  just  as  is  at  present  the  case  from  Irkutsk  to 
Ekaterinburg. 
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PROVISIONAL  SUN-SPOT  NUiMBERS  FOR  JANUARY  TO  JUNE,  1922. 


Da> 

Jan. 

I-\'l,. 

Mar. 

Apr. 

May 

Juii. 

1 

0 

109 

26 

38 

7 

2 

0 

12 

127 

29 

31 

0 

3 

0? 

0 

122 

27 

0 

4 

7 

118 

18 

0 

5 

119 

17 

12 

0 

6 

17 

112 

19 

13 

0 

7 

1^ 

42 

108 

15 

10 

8 

8 

31 

7 

10 

7 

9 

1^ 

7 

/ 

10 

lb 

34 

0 

0 

.  11 

21 

51 

88 

0 

12 

24 

75 

97 

0 

U 

\r> 

8;-' 

63 

79 

17 

14 

14 

39 

53 

0 

16 

15 

26 

28 

0 

16 

16 

17 

16 

0 

10 

17 

13 

16 

0 

9 

18 

7 

10 

18 

0 

19 

16 

11 

' ,  > 

0 

o' 

20 

7 

0 

0 

0 

21 

8 

0 

9 

22 

0 

7 

23 

8 

10 

0 

24 

0 

17 

17 

7 

25 

24 

38 

l>, 

8 

26 

0 

36 

27? 

7 

27 

n 

9 

28 

,84 

34 

14 

7 

29 

0 

n 

15 

8 

30 

0 

28 

31 

13 

31 

28 

16 

Means 

10  2 

27.9 

60.0 

11.4 

7 .  7 

5.8 

'  For  previous  table,  see  Terr.  Mag.,  26,  135-136,  1921. 
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IMCRIODICITY  OF  ACTIVITY  IN  TERRESTRIAL 
MAGNETISM. 

Having  been  myself  recently  engaged  in  a  discussion'  of  the 
27-day  "period"  in  magnetic  disturbance,  I  read  with  interest 
Dr.  G.  Angenheister's  paper  on  "Periodicity"  in  your  recent  issue.^ 
With  some  of  his  conclusions  my  own  investigations  are  in  har- 
mony, but  others  of  his  conclusions  seem  to  me  hardly  warranted 
by  the  facts.  I  shall  presently  explain  my  reasons  for  dissent,  em- 
ploying for  the  purpose  the  data  in  the  accompanying  table,  but  a 
few'  preliminary  remarks  are  desirable  on  the  nature  of  the  inter- 
national "character"  figures  of  which  Dr.  Angenheister  and  I  have 
both  made  considerable  use  in  our  investigations. 

As  is,  I  think,  well  known  to  all  who  have  considered  these 
figures  closelv  that  while  they  discriminate  admirably  between 
the  days  of  a  single  month,  they  suffer  from  the  drawback  that  the 
significance  possessed  by  the  same  numeral  in  different  seasons  is 
not  the  same.  In  a  quiet  year  the  figure  1.8,  for  example,  connotes 
usually  less  disturbance  than  it  does  in  a  disturbed  year.  The  years 
191 1-U,  which  contain  a  number  of  the  "great"  storms  in  Angen- 
heister's Tables  1  and  2,  /.  c.  pp.  64,  65,  were,  on  the  whole,  very 
quiet  years,  and  some  of  the  storms  of  those  years  to  which  "char- 
acter" figures  of  1.8  or  1.9  were  assigned  were  quite  ordinary  storms. 

Another  important  point  is  that  the  international  day  com- 
mences at  Greenwich  midnight,  and — at  least  in  Europe — the 
Greenwich  night  hours  are  much  more  disturbed  than  the  day 
hours.  In  most  cases,  even  of  short  storms,  the  morning  hours  of 
the  second  day  are  highly  disturbed,  as  well  as  the  evening  hours  of 
the  first  day.  ^It  follows  that  in  most  cases  high  "character"  figures 
are  not  isolated,  but  occur  on  two  and  sometimes  more  successive 
days.  The  higher  of  the  successive  "character"  figures  will  pre- 
sumably, as  a  rule,  fall  to  the  day  which  contains  theC.  G.  of  the 
disturbance;  but  even  if  such  were  always  the  case  it  would  not 
tell  us  whether  the  height  of  the  disturbance  occurred  in  the  rnorn- 
ing  or  the  evening.  Supposing  the  first  of  two  storms  to  culrninate 
in  the  morning  hours  of  day  n,  while  the  second  storm  culminates 
in  the  evening  hours  of  day  n  +  26,  we  get  an  apparent  26-day  m- 
terval;  while  if  the  first  storm  culminates  in  the  evening  hours  of 
day  n,  and  the  second  in  the  morning  hours  of  day  w  +  28,  the  ap- 
parent interval  is  28  days.  In  both  cases,  if  we  were  able  to  fix  the 
period  of  culmination,  we  might  obtain  27  days  for  the  interval. 
Thus  the  interval  between  successive  storms  of  a  series  may  be 
decidedly  less  variable  than  might  be  inferred  from  a  study  of  the 
international  "character"  figures.  Similar  considerations  apply 
to  the  inter\als  which  Dr.  Angenheister  obtains  when  he  uses  the 
times  of  commencement  of  storms,  as  was  in   fact  done  in   Mr. 

'Roy.  Soc.  Proc.  A.,  \'ol.  101,  p.  368. 
'■Terrestrial Magnetisw,  \'o\.  27,  p.  57. 
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Maunder's  papers,  which  did  so  much  to  establish  the  27-day 
"period."  It  is  only  when  storms  possess  "sudden  commence- 
ments" (or  Sc's)  that  a  very  exact  commencing  time  can  be  as- 
signed, and  even  then  the  length  of  the  storm,  and  the  interval 
from  the  Sc  to  the  principal  movements,  are  very  variable. 

The  conclusions  drawn  by  Angenheister  to  which  I  here  take 
exception  are  that  there  is  an  essential  difference  between  greater 
and  smaller  storms,  and  that  the  27-day  period  is  confined  to  the 
latter,  while  "the  greater  magnetic  storms,  character  1.8-2.0,  are 
repeated  after  integer  multiples  of  30  days"  (/.  c.  p.  79). 

A  preliminary  point  to  notice  is  that  of  the  storms  which  Angen- 
heister takes  as  the  first  of  two  series,  A  and  B,  showing  the  30-day 
period,  only  one — the  storm  of  September  25,  1909 — was  really 
outstanding.  The  storm  of  September  30,  1909,  originating  series 
A,  was  a  comparatively  commonplace  one.  Yet  the  "character" 
figures  of  the  subsequent  members  of  the  two  series  appear  closely 
similar.  Coming  now  to  the  accompanying  table,  it  embodies 
evidence — ^to  which  much  could  be  added — that  there  is  no  funda- 
mental difference  between  Angenheister's  greater  and  lesser 
storms.  It  contains  sequences^  of  storms  in  which  the  27-day 
"period"  seems  clearly  indicated,  amongst  which  appear  a  number 
of  the  "great"  storms  included  in  Angenheister's  Tables  1  and  2. 
The  last  two  figures  of  the  year  follow  the  date  of  the  month, 
Aug.  29  (09),  for  example,  signifying  August  29,  1909.  When  these 
figures  are  omitted,  the  year  is  the  same  as  for  the  previous  storm. 
The  second  column  gives  the  international  "character"  figure,  and 
the  third  column  the  interval  between  the  storm  given  in  the  same 
line  and  the  previous  storm  of  the  series.  Only  intervals  of  from 
26  to  28  days  are  included. 

The  last  two  cases  in  the  table  were  not  considered  by  Angen- 
heister. They  are  included  to  show  that  even  a  day  of  the  extreme 
international  figure  2.0  can  be  a  member  of  a  27-day  sequence. 
It  may  be  explained  that  the  mean  "character"  figure  for  a  month 
averages  about  0.6,  and  that  "character"  1.3  implies  very  consider- 
able disturbance  in  all  months. 

Some  doubt  may  be  entertained  whether  the  disturbance  of 
September  30,  1909, — the  fundamental  disturbance  of  Angen- 
heister's series  A — was  a  member  of  a  27-day  scries;  but  there 
seems  no  reasonable  doubt  of  this  in  the  case  of  the  storm  of  Sep- 
tember 25,  1909,  and  the  other  "great"  storms  of  Angenheister 
which  appear  in  my  table.  The  dates  of  these  Angenheister  storms 
are  in  Italics.  It  will  be  seen  that  two  of  the  sequences  in  my  table 
each  include  two  of  Angenheister's  "great"  storms,  and  that  these 
storms  may  occupy  any  position  from  first  to  last  in  the  sequence. 
As  a  matter  of  fact,  a  considerable  majority  of  the  "great"  storms 
in  Tables  1  and  2  can  be  arranged  as  members  of  ordinary  27-da>' 
sequences.     Under  these  circumstances  it  seems  very  improbable 

'The  possibiHty  of  "accident"  playins  a  part  in  all  such  sequences  mu.st  be  conceded. 
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that  there  can  be  any  essential  difference  in  the  place  of  origin  of 
the  greater  and  lesser  storms  such  as  Angenheister  supposes. 

to  me  a  most  surprising  thing  is  that  Angenheister  seems 
really  to  have  recognized  himself  that  some  of  his  "great"  storms 
were  members  of  27-day  sequences,  because  he  can  hardly  have 
failed  to  notice  the  identity  of  several  of  the  storms  in  his  Tables  1 
and  2  with  storms  which  he  gives  in  his  Table  7,  p.  71,  which  is 
apparently  intended  to  illustrate  the  existence  of  the  27-day 
"period"  in  what  he  calls  "the  small  storms"  discussed  in  his  Sec- 
tion F.  The  dates  in  my  table  and  Angenheister's  Table  7  do  not 
always  appear  identical,  but  that  arises  from  Angenheister's  having 
used  in  that  table  the  times  of  commencement  as  given  in  the 
Porto  Rico  list. 

Whilst  large  storms  are  often  members  of  apparent  27-day 
sequences,  I  do  not  recall  an  instance  in  which  a  really  outstanding 
storm  such  as  those  of  September  25,  1909,  and  May  14-15,  1921, 
was  followed  after  a  27-day  (or  30-day)  interval  by  a  storm  of  like 
magnitude.  C.  Chree. 


Table  1. 


Date 


Aug.  29  (09) 
Sept.  25 ...  . 
Oct.  23 

Sept.  3  (09). 
Sept.  30 

Dec.  28  (10) 
Jan.  24  (11). 

Feb.  21 

Mch  20 

Apr.  16 

July  28  (11), 
Aug.  23 ...  . 
Sept.  20.  .  .  . 

Oct.  18 

Nov.  13.  ... 
Dec.  1! 


"Char- 
acter" 

In- 
terval 
( Days) 

1.4 

2.0 

21 

1.7 

28 

1.2 

1.8 

27 

1  .5 

1.7 

27 

1.8 

28 

1.9 

27 

1.7 

27 

1.6 

1.8 

26 

1.7 

28 

1.4 

28 

1.7 

26 

1.9 

li^ 

Date 


Sept.  17  {12) 

Oct.  14 

Xov.  10.  .  .  . 

Dec.  7 

Jan.  3  (13).. 
Jan.  30 

Jan.  18  (13). 

Feb.  14 

Mch  14 

Apr.  9 

May  5 

June  1 

.Aug.  26  (15) 
Sept.  23.  .  .. 

Oct.  19 

Xov.  16 


"Char- 
acter" 


1.8 
1.6 
1.2 
14 
1.4 
1.3 

1.3 
1.6 
16 
1.9 
1.4 
14 

1.6 
1.8 
1.6 

1.7 


In- 
terval 
(Days; 


27 
1^ 
26 
26 
27 


28 
26 

1^ 


Mch.  3  (16). 
Mch.  29...  . 
.Apr.  25  ...  . 
May  22 ...  . 


Date 


Dec.  16  (17) 
Jan.  12  (.18). 

Sept.  19  (18) 

Oct.  16 

Xov.  12.  .  .. 
Dec.  8 


"Char- 

acter" 

1.2 

1.7 

1.9 

1.7 

2.0 

1.3 

1.4 

2.0 

1.7 

2.0 

In- 
terval 
(Days) 


26 


26 
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EARTHQUAKE  RECORDS,  WATHEROO  MAGNETO- 
GRAMS,  OCTOBER  1921-JUNE  1922 

The  particulars  of  these  records  of  earthquakes  noted  on  the 
magnetograms  of  the  Watheroo  Magnetic  Observatory,  Western 
Australia,  are  given  in  the  following  tables.  Table  1  shows  also 
the  times  of  the  phases  obtained  on  the  seismograph  at  Perth  ac- 
cording to  the  data  supplied  by  (jovernment  Astronomer  Curle- 
wis. 

Table  1. — Earthquake  records  for  October  10  and  November  11,  1921. 


Date 

1921 

Oct.    10 

Nov.  11 


Magnetic  record 


Element 


Declination. 
Hor.  Int. .  .  . 
Vertical  Int. 
Declination. 
Hor.  Int..  .  . 
Vertical  Int. 


Greenw.  mean  time 


Beginning     Ending 


h  m 

2  13 

2  13 

2  19 

18  45 

hS  44 

18  52 


2  34 

2  39 

2  36 

19  01 

18  56 

18  59(?) 


Remarks 


1  Slight   broaden- 
!'ing  of  the  traces 

I  for  all 

(Slight   broaden- 

fing 

Sliglit  blurring. 


Seismograph  record 


Phase 


P(?) 
L(?) 


(^) 


2  13  06.9 

2  19  12.9 

is  43  56'6 

18  46  00.5 

18  50  10.4 


T.\BLE    2 

— Fjirthqiiake  records,  January-May 

1022. 

Date 

Phase 

Greenwich  mean 

time 

.Apparent  maximum 

am])litude  in 

1922 

Hor.  Int. 

Decl'n 

\ert'l  Int. 

hor.  int. 

h         m 

h         m 

>i         in 

mm 

Jan.    1 

Begin 
End 

12     34 
12     30 

.     Small 

12 

Begin 
End 

14   a 

14     38 

14     3i 
14     38 

14     34 
14     39 

}    ,.s 

19 

Begin 
End 

22     12 
22     ?,?, 

22      12 
22     25 

22      15 

22     27 

} ,,.,, 

20 

BcG:in 
ICnd 

1     09 

7     18 

7     08 
7      15 

Iniii^tincl 

/  • ' 

Feb.      5 

Begin 

3     47 

3     48 

Fnd 

^    51 

3     54 

Feb.      5 

Begin 

18     06 

(Doubtful        as       an 

End 

Uncertain 

earthquake  record) 

Feb.     9 

Begin 
End 

16     55 

Infjistinct 

•  Indistinct 

17     03 

Indistinct 

Indistinct 

Mav    9 

Begin 

13     56 

13     56 

Indistinct 

0.9 

End 

14     09 

14     09 

23 

Begin 
End 

4  54 

5  01 

1.4 

Mr.  H.  B.  (\irlewis,  government  astronomer  of  Western  Au- 
stralia, states  that  there  was  no  apparent  eariluiuake  record  on  the 
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seismograph  at  IVrili  on  May  23.  He  reports  earihciuakc  records 
on  May  9,  11,  and  12,  the  hist  iK'ing  a  very  fine  one;  there  are  no 
evidences  of  earthquake  records  for  May  11  and  12  on  the  mag- 
netograms  obtained  at  Watheroo. 

June  8  and  29,  1922. — There  were  two  possible  earthquake 
records  on  the  magnetograms  centering  at  approximately  June  8, 
7h  4gm  Greenwich  mean  time,  and  June  29,  20''  21""  Greenwich 
mean  time.  The  government  astronomer  of  Western  Australia 
writes  that,  I)ecause  of  light  troul)le,  no  records  were  obtained  from 
the  seismograph  at  Perth  on  either  of  these  dates. 

G.  R.  Wait,  observer-in-charge. 


AURORAL  OBSKRVATIONS  AT  HIGH  RIVER,  ALBERTA, 
CANADA,  DECEMBER  28,   1921. 

1  "^  A.  M. — Two  curtains  observed;  largest  runs  from  \.  W.  to 
E.,  another  below  it  extends  from  nearly  North  to  N.  E.,  latter  is 
very  bright  at  the  W.  end  i.  e.  N.,  which  appears  to  be  bright 
because  the  curtain  is  running  nearly  away  from  the  observer  and 
hence  more  light  is  observed  looking  along  the  curtain  than  in 
looking  through  it.  I  have  observed  the  same  effect  before,  but  I 
think  it  was  the  E.  end  that  seemed  to  be  in  line  with  the  eye.  It 
was  narrower  on  the  E.  end. 

71145111  p   ]y/j — Faint  curtain  observed,  center  nearly  N. 

9''00"  P.  M.— Faint  arch  low  down,  center  N.  E. 

Owen  Bryant. 


NOTES 


9.     Principal  Magnetic  Storms  at  Cheltenham  Magnetic  Observatory,  January  to 

June  1922  ."^ 


Greenwich  Mean  Time 

Range 

Beginning 

Ending 

Decl'n 

Hor'l  Int. 

X'ort'l  Int. 

h      m 

Apr.  21,  22    .  . 

Apr.  22,  12  .  . 

27.5 

7 
186 

7 
201 

10.  Secular  Magnetic  Changes  in  the  United  States  and  Local  Magnetic  Dis- 
turbances.— In  the  United  States  Coast  and  Geodetic  Survey  Bulletin  No.  86, 
July  31,  1922,  it  is  stated  that  according  to  recent  repeat  observations  "the  rate 
of  secular  change  has  varied  so  much  recently  that  values  (of  the  magnetic  decHna- 
tion)  carried  from  1915  are  in  some  cases  not  dependable."  A  pulilication  en- 
titled "The  Declination  in  the  United  States  for  1920,"  by  O.  I,.  Hazard,  will 
soon  be  issued. 

According  to  the  same  bulletin:  1.  W.  W.  Merrymon,  after  standardizing  his 
instruments  at  the  Cheltenham  observatory,  proceeded  to  Birmingham,  Ala- 
bama, and  took  up  the  investigation  of  locating  iron  ore  by  magnetic  methods  in 
co-operation  with  the  Bureau  of  Mines.  2.  The  Commanding  Ofificer  of  the 
steamer  Explorer  has  made  an  investigation  of  a  considerable  area  of  local  dis- 
turbance in  Chilkoot  Inlet,  near  Skagway,  Alaska;  the  existence  of  this  local 
disturbance  has  long  been  known,  as  it  is  in  the  main  channel  which  is  followed 
by  vessels  going  to  Skagway,  but  no  accurate  survey  has  heretofore  been  made. 

11.  Magnetic  Resurvey  of  7a/)an.— Under  date  of  July  16,  1922,  Professor 
Tanakadate  writes  as  follows:  "We  are  now  repeating  the  magnetic  survey  with 
the  new  electromagnetic  instruments  designed  by  Dr.  Watanabe  and  communi- 
cated to  the  Rome  meeting.  Three  parties  have  been  sent  out,  one  is  now  in 
Korea,  another  in  Bonin  Islands,  and  another  in  Sakhalin.  They  each  carry  the 
Kew  magnetometer  in  addition  to  the  electromagnetic  one  in  order  to  compare 
the  two  methods  at  several  stations.  The  stations  will  not  be  so  numerous  as  in 
the  previous  surveys,  but  we  hope  to  conclude  the  work  in  as  short  a  time  as  pos- 
sible in  order  to  eliminate  the  effect  of  secular  variation." 

12.  Local  Magnetic  Disturbances  and  Secular  Changes  in  the  Bermudas. — 
Messrs.  H.  W.  Fisk  and  J.  T.  Howard,  of  the  Department  of  Terrestrial  Mag- 
netism, returned  from  the  Bermudas  to  Washington,  September  26,  after  several 
months'  successful  investigation  of  local  magnetic  disturbances  and  secular 
changes.  A  number  of  the  Department's  stations,  where  magnetic  observations 
had  been  made  by  Mr.  Fisk  in  1907  and  by  the  Carnegie  staff  in  1910,  were  rc- 
occupied. 

'  Communicated  by  E.  Lester  Jones,  Director,  V.  S.  Coast  and  Geodetic  Survey;  Geo.  Hart- 
NEi.L,  observer-in-charge.     Lat.  .^0°  44'.0  N;  Long.  76°  SO.'.S  or  s''  07"". 4  West  of  Greenwich. 
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13.  Magnetic  observations,  Amundsen  Arctic  Expedition,  1922. — Dr.  H.  U. 
Sverdrup,  in  charge  of  the  scientific  work  of  the  KxpecHtion,  mailed  magnetic 
records  to  the  Department  of  Terrestrial  Magnetism,  when  the  Maud  on  July 

20,  1922  was  at  Deering,  Kot/ebue  .Sound,  Alaska,  in  order  to  land  Captain 
Amundsen  for  his  proposed  airplane  flight  from  Alaska  across  the  polar  area, 
Kain-ge-skon,  Siberia,  the  magnetic  station  of  1920  and  1921,  was  re-occupied 
on  June  30,  1922.  After  landing  Captain  Amundsen,  the  Ma^id  was  to  try  to  get 
as  far  north  as  the  ice-conditions  permitted.  During  the  drift  of  the  Maud  there 
will  be  8  men  in  all:  Wisting,  captain;  Dr.  Sverdrup  and  his  Swede  assi.stant  in  the 
scientific  work,  Neslingren;  2  engineers;  one  aviator;  one  sailor  and  all-round 
man;  and  one  native  cabin-boy. 

14.  Return  of  MacMillan  Baffin  Land  Expedition. — The  E.xpedition,  under 
the  leadership  of  Dr.  Donald  MacMillan,  with  whom  the  Department  of  Ter- 
restrial Magnetism  had  cooperated,  returned  on  September  12  to  Wiscasset, 
Maine,  the  home  port  of  the  Expedition's  vessel,  the  Bowdoin.  Besides  making 
important  contributions  to  biology,  ethnology,  geology,  meteorology,  and  tides, 
the  Expedition  succeeded  in  establishing  a  completely-equipped  magnetic  ob- 
servatory at  the  winter-quarters,  on  the  southwest  coast  of  Baffin  Land;  this 
observatory  was  kept  in  successful  operation  from  the  end  of  October,  1921,  until 
June  15,  1922,  when  it  was  necessary  to  dismount  the  instruments  for  the  home- 
ward voyage.  During  the  greater  part  of  this  period  continuous  records  of  at- 
mospheric-electric variations  (potential  gradient)  were  also  obtained.  The  ob- 
servatory was  in  charge  of  R.  H.  Goddard,  an  observer  of  the  Department  of 
Terrestrial  Magnetism.  Mr.  G.  Dawson  Howell,  a  member  of  the  Expedition, 
also  made  magnetic  observations  on  various  sledge  trips  in  Baffin  Land.  In- 
stead of  returning  aboard  the  Bowdoin  he  took  advantage  of  the  opportunity  to 
travel  from  Lake  Harbor,  Baffin  Land,  on  board  the  Hudson's  Bay  steamer  and 
thus  made  magnetic  observations  at  the  various  Hudson's  Bay  posts  along  Hud- 
son Bay  and  along  the  Labrador  coast. 

15.  Watheroo  Magnetic  Observatory,  Samoa  Observatory,  and  Eclipse  Mag- 
netic Observations,  September  1922. — After  the  conclusion  of  the  meetings  of  the 
International  Geodetic  and  Geophysical  Union  and  of  the  International  Astro- 
nomical Union  at  Rome,  Dr.  Louis  A.  Bauer  sailed  from  Marseilles  on  May  19 
for  Western  Australia  and  New  Zealand.  Arriving  at  Perth  on  June  15,  an  in- 
spection trip  was  made  to  the  Magnetic  Observatory  at  Watheroo,  Western 
Australia,  about  120  miles  north  of  Perth.  This  observatory,  operated  by  the 
Department  of  Terrestrial  Magnetism,  is  almost  antipodal  to  the  magnetic  ob- 
servatory of  the  United  States  Coast  and  Geodetic  Survey  at  Cheltenham,  Mary- 
land. Arrangements  were  completed  for  continuous  observations  of  earth  cur- 
rents at  the  Watheroo  Observatory.  This  year,  also,  the  instruments  are  being 
installed  for  recording  continuously  the  variations  in  the  electric  condition  of  the 
atmosphere.  Thus,  by  the  end  of  the  present  year,  the  Watheroo  Magnetic  Ob- 
servatory will  be  the  most  completely  equipped  cf  its  kind  in  the  Southern  Hemi- 
sphere. 

While  in  Australia,  the  arrangements  were  completed  by  Dr.  Bauer  for  the 
special  magnetic  and  electric  observations  during  the  solar  eclipse  of  September 

21,  1922.  Within  the  belt  of  totality,  besides  the  astronomical  observations,  there 
will  be  made  magnetic  observations  in  accordance  with  the  plan  proposed  by 
Bauer  and  P'leming  {Terr.  Mag.,  vol.  27,  i)p.  83-85)  at  five  well-distributed  sta- 
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tions  by  the  various  expeditions.  (On  September  23  a  cablegram  was  received 
from  Mr.  Coleman  regarding  successful  eclipse  magnetic  observations  made  at 
Coongoola,  Queensland,  a  station  inside  the  belt  of  totality;   see  also  Note  21.) 

On  July  4-5,  Dr.  Bauer  attended  at  Wellington  a  specially-called  meeting  of 
the  Samoa  Observatory  Honorary  Board  of  Advice  regarding  matters  pertain- 
ing to  the  continued  operation  of  the  Samoa  Observatory  at  Apia,  under  the  joint 
auspices  of  New  Zealand,  the  British  Admiralty  and  the  Carnegie  Institution  of 
Washington. 

En  route  to  San  Francisco,  Dr.  Bauer  met  at  Rarotonga  D.  G.  Coleman,  ob- 
server of  the  Department  of  Terrestrial  Magnetism,  who  has  been  re-occupying 
a  number  of  the  stations  on  the  islands  of  the  Pacific  Ocean,  and  in  New  Zealand 
and  Australia,  where  magnetic  observations  have  been  made  by  the  Depart- 
ment in  previous  years.  Mr.  Coleman  was  then  to  proceed,  via  New  Zealand, 
to  the  selected  eclipse  station  at  Coongoola,  Queensland. 

16.  "Erda"  Aktiengesellschaft  filr  ivissenschaftliche  Erderforschiing,  Gottingen, 
Germany. — According  to  several  pamphlets  received,  this  appears  to  be  a  joint 
stock  company,  which  in  view  of  its  purpose,  is  called  "an  institute  for  practical 
or  applied  geophysics."  Its  prime  purpose  is  to  place  at  the  disposal  of  industry 
both  theoretical  knowledge  and  instrumental  equipment  for  operations  of  a  geo- 
physical nature.  Among  the  operations  which,  upon  application,  will  be  under- 
taken by  the  institute,  are  the  following:  Meignctic  observations  to  determine 
the  distribution  of  the  magnetic  elements  and  their  local  anomalies;  electric 
measurements  of  natural  and  industrial  earth  currents;  determination  of  the 
propagation  of  electric  currents  and  electric  (Hertzian)  waves  in  the  interior  of 
the  Earth;  atmospheric-electric  observations,  etc. 

17.  Journal  for  applied  geophysics. — ^Announcement  has  been  received  from 
the  editor,  Dr.  Richard  Ambronn,  of  the  publication  by  the  firm  (icbriider  Born- 
trager,  Berlin,  of  a  new  journal,  to  be  called  "Zeitschrift  fiir  angcwandte  Geo- 
physik."     The  first  issue  has  come  to  hand. 

18.  International  Meteorological  Committee. — -The  English  report  of  the 
meeting  at  London  in  September,  1921  has  been  published  as  M.  O.  248,  Air 
Ministry,  Meteorological  Office.  The  following  officers  constitute  the  Bureau 
of  the  Committee,  which  consists  at  present  of  16  directors  of  national  meteoro- 
logical institutes:  Sir  Napier  Shaw,  president;  Professor  E.  van  Evcrdingcn,  vice- 
president,  and  Director  Th.  Hesselberg,  secretary.  The  members  of  the  Commission 
for  Terrestrial  Magnetism  and  Atmospheric  Electricity  are:  A.  Angot,  president; 
E.  van  Everdingen,  secretary;  T.  Banachiewicz,  L.  A.  Bauer,  V'.  Carlheim-Gyl- 
lenskold,  A.  Ferraz  de  Carvalho,  S.  Chapman,  C.  Chree,  J.  Jaumotte,  O.  Krog- 
ness,  A.  Crichton  Mitchell,  G.  Melander,  L.  Palazzo,  C.  Ryder,  Napier  Shaw, 
G.  C.  Simpson,  Frederic  Stupart,  A.  Wolfer. 

19.  Personalia. — Prince  Albert  of  Monaco,  distinguished  for  his  oceano- 
graphical  studies,  died  at  Paris  on  June  27,  at  the  age  of  seventy-five  years.  Dr. 
G.  Angenheisler  has  accepted  a  position  on  the  staff  of  the  Geodetic  Institute  at 
Potsdam,  Germany.  Rev.  A.  L.  Cortie,  director  of  Stonyhurst  College  Observa- 
tory, received  an  honorary  doctorate  at  the  recent  celebrations  of  the  seven- 
hundredth  anniversary  of  the  University  of  Padua.  Colonel  £.  Delcambre  has 
been  appointed  director  of  the  French  Meteorological  Office.  Dr.  B,  Meyermann, 
formerly  director  of  the  Observatory  of  Tsingtau,  has  been  appointed  to  succeed 
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Prof.  Amhroini,  who  has  retired  from  the  directorship  of  the  (iottingen  Observa- 
tory. Prof.  R.  Spikiler  is  giving  a  course  in  atmospheric  electricity  at  the  Uni- 
versity of  Prag,  during  the  summer  semester  1922.  Dr.  W.  F.  G.  Swann  has 
resigned  his  professorship  of  physics  at  the  University  of  Minnesota  and  has 
accepted  a  similar  post  at  the  University  of  Chicago.  Dr.  Louis  A.  Bauer  has 
been  made  a  "corresponding  member"  of  the  Societe  de  Geographic  de  Lisbon, 
Portugal.  Prof.  J.  A.  Pollock,  well  known  for  his  investigation  of  the  ions  of 
the  atmosphere,  died  on  May  24,  after  a  short  illness,  at  the  age  of  fifty-seven 
years.  Dr.  S.  K.  Banerji  was  appointed  in  April  director  of  the  Bombay  and 
Alibag  observatories. 

20.  Chauveau's  Atmospheric  Electricity.^ — -Workers  in  atmospheric  electricity 
will  welcome  an  extended  treatise  on  atmospheric  electricity  by  M.  Chauveau. 
From  the  preface  we  learn  that  the  completed  work  will  consist  of  three  principal 
subdivisions  devoted,  respectively,  to  (a)  historical  introduction,  (b)  the  electric 
field  of  the  atmosphere,  and  (c)  the  ionization  of  the  atmosphere.  Only  the  first 
fascicle,  about  100  pages,  has  thus  far  appeared.  It  is  devoted  entirely  to  the 
historical  introduction,  which,  in  three  chapters,  traces  the  development  of  ideas 
and  methods  during  three  well-defined  periods:  the  first  (1750  to  about  1860), 
from  Franklin  to  Peltier;  the  second  (1860  to  1899),  from  William  Thomson  to 
Exner  and  his  pupils;  and  the  third  or  modern  period,  in  which  the  names  of 
Elster  and  Geitel  and  of  Ebert  are  predominant.  That  the  author's  treatment 
of  the  subject  is  unusually  detailed  is  obvious  from  the  above  outline.  Accord- 
ingly one  finds  here  many  matters  of  historical  interest  that  are  not  included 
in  other  general  works  on  atmospheric  electricity,  together  with  numerous  refer- 
ences to  original  sources. 

21.  Magjietic  Character  of  day  of  solar  eclipse,  September  21,  1922. — Ac- 
cording to  information  received  from  the  Director  of  the  United  States  Coast  and 
Geodetic  Survey,  the  magnetic  character  of  the  days  at  the  time  of  the  eclipse, 
as  judged  by  the  magnetograms  of  the  Cheltenham  Magnetic  Observatory, 
Maryland,  the  times  given  being  Greenwich  civil  mean  time,  was  as  follow^s: 
September  20  was  quiet  until  IS'^  (6  P.  M.),  w^hen  H  (horizontal  intensity)  and 
Z  (vertical  intensity)  were  slightly  disturbed,  values  averaging  about  normal, 
this  disturbed  condition  lasting  until  September  21,  T*".  Between  September 
21,  0''  and  1"^,  there  was  a  downward  bend  in  D  (declination)  of  some  13  minutes. 
After  September  21,  T'',  the  magnetic  elements  were  quiet  and  normal.  (Since 
the  solar  eclipse  began  on  September  21,2'^  Ol™,  G.  M.  T.,  and  ended  at  7''  16", 
there  was  a  slight  magnetic  disturbance,  which  began  8  hours  before  the  eclipse 
and  continued  throughout  the  eclipse  period.  This  cosmic  disturbance  may 
possibly  complicate  the  detection  of  the  small  effect  to  be  ascribed  to  the  eclipse; 
however,  before  reaching  a  definite  conclusion,  it  will  be  best  to  await  the  reports 
from  the  eclipse  expeditions  and  from  observatories  in  other  regions  of  the  Earth.) 

'B.  Chauveau,  Ekclricite  .itmospherigue,  premier  fascicule,  introdurtion  histori  ue.  Paris, 
Gaston  Doin,  Editeur,  1922. 
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ON  THE  METHODOLOGY  OF  FINDING  AND  REPRESENT- 
ING THE  DISTRIBUTION  OF  A  NATURAL  ELEMENT 
OVER  A  CERTAIN  REGION  OF  THE  EARTH'S 
SURFACE,  WITH  SPECIAL  REFERENCE  TO 
TERRESTRIAL  MAGNETISM.* 
By  Boris  Weinberg. 
L      The  problem.     Let  E  denote  the  value  of  a  natural  element 
at  a  given  point  and  a  given  time,  e.  g.,  the  temperature,  humidity 
or  pressure  of  the  air,  the  magnetic  force,  the  geological  formation, 
etc.     We   shall   restrict   oursehes   here   to   dealing  with   elements 
which  can  be  measured  quantitati\'ely  and  the  variations  of  which 
are  continuous  both  in  space  and  with  time.     Furthermore,  if  we 
consider  only  the  \-alues  of  the  natural  element  at  the  surface  of  the 
globe,  we  ma\"  write 

£  =  $  (0,  X,  /)  (1) 

where  0  and  A  are  the  latitude  and  longitude  of  a  point  at  the  surface 
of  the  globe  and  /  is  the  time.  Our  problem  is  then  to  find  and 
represent  this  function  for  the  whole  globe  or  a  part  of  it  by  means 
of  observations  of  £,  taken  at  different  points  and  at  different 
times. 

The  ideal  solution  would  be  to  e.xpress  E  as  an  analytical  func- 
tion of  (f>,  A,  and  /,  thus  making  it  possible  to  calculate  the  value 
of  E  for  any  point  on  the  globe  at  any  time.  However,  this  ideal 
is  not  attainable  owing  to  the  great  variability'  of  all  the  natural 
elements.  Therefore,  the  problem  is  regarded  as  solved  for  a  given 
region  and  interval  of  time,  if  with  the  aid  of  tables  or  graphical 
representations  we  can  predict  the  approximate  values  of  E  at 
different  points  within  this  region  for  any  moment  of  this  interval. 
As  an  example  of  a  satisfactory  solution,  we  may  mention  charts 
of  the  distribution  of  the  magnetic  elements  accompanied  by  indi- 
cations or  charts  of  the  annual  changes. 

*  Based  on  two  long  manuscript  articles,  dealing  with  the  general  method  of  representing  the 
distribution  of  some  geophysical  element  and  accompanied  by  13  figures.  The  abstract  was 
kindly  prepared  for  the  Journal  by  Dr.  H.  U.  Sverdrup.  and  revised  by  the  author. — Ed. 
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2.  llie  real  variatiofi  of  a  natural  element  uitli  time.  Let  us 
first  discuss  only  the  question  of  the  changes  of  £  at  a  given  point 
with  the  time.  If  the  element  can  be  registered,  then  the  registra- 
tions will  give  us  the  real  values  of  E  for  each  moment  /,  only 
smoothed  by  the  inertia  of  the  registering  instrument.  The  real 
changes  of  E,  thus  obtained,  can  be  regarded  as  composed  of: 

I.    Secular  changes;     • 
II.    Cyclic  changes  of  definite  periods  (or  "regular  periodic"); 

III.  Cvclic  changes  of  \ariable  i:)eriods  (or  "irregular  peri- 
odic"); 

IV.  Rapidly  varying  non-c\clic  changes  (or  "accidental 
aperiodic") ; 

V.    Slowly  \'arying  non-cyclic  changes  (or  "systematic  aperi- 
odic"), 

or  in  analytical  form : 

E^,A,    =   Fr(/)  +     fr,(/)  +fT.At)  + h„  (/)  + 

0^(0  +    <f>r(0   +    +<^r   ^0  + 

a,(/)    +       ajt)     +     +a„(/)-f 

/3,(0   +     P,{t)    -f    -\-lS„{t)  (2) 

Such  a  decomposition  is  more  or  less  arbitrar\':  the  onl\-  group  which 
without  any  doubt  can  be  differentiated  from  the  others  is  the 
second  which  contains  the  regular  periodic  changes. 

If  continuous  registrations  of  E  are  not  at  hand,  but  only  \alues 
of  E  at  different  moments,  then  the  question  may  arise  as  to  how 
to  find  the  real  value  of  E  for  any  moment  between  two  observations. 
Theoretically,  this  problem  cannot  be  solved,  but  the  practical 
solution  is  to  interpolate  in  some  way  or  other  between  the  observed 
values.  This  implies,  however,  certain  mathematical  assumptions 
which  are  enumerated  and  treated  in  detail  in  the  article  and  of 
which  the  most  common  arc  that  the  element  is  changing  uniformK- 
between  two  successive  observations,  or  that  the  irregular  aperiodic 
changes  are  small.  To  be  sure  that  such  is  the  case,  the  author 
recommends  making,  instead  of  a  single  reading,  several  readings 
during  an  interval  of  time  which  is  small  if  compared  with  the  in- 
tervals between  such  separate  groups  of  readings.  If  such  is  not 
the  case,  then  any  attempt  to  find  the  real  \alue  of  E  between  two 
observations  must  fail.  Tiie  interpolation  may  be  made  graphic- 
ally by  taking  the  \alues  sought,  from  a  cur\e  drawn  through  the 
{joints  determined  by  obserxations,  or  arithmetically  !)>•  means  of 
some  formula  for  interpolation.  Both  methods  are,  however, 
deficient    as   the\-   inlroduce   discoiitiiuiities   in    the   change  of   the 
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tkiiKiit:  ilu'  iirai)hical,  l)ecausc  it  is  not  possible  to  draw  a  curve 
which,  when  magnified,  will  not  show  numerous  breaks;  the  arith- 
metical, because  no  interpolation  formula  can  take  full  account  of 
the  curvature  of  the  curve,  representing  the  real  change  of  the 
element.  Usually  an  interpolation-formula,  which  takes  account 
of  the  second  differences,  will  be  sufficient.  Let  us  introduce  the 
following  notation: 

£,,  the  \alue  of  E  at  the  time  /  =  /,; 

T,  the  constant  time  difference  Ijetween  two  observations; 

E  (t),  the  value  of  E  at  the  time  /  where  /  ,-f  i  >  /  >  /,•; 

A£,-  =  £,  +  1  -  £,•; 

A-£,  =  A£,_i  -  A£,-  =  Ei-.2  -  2£,-^i  +£,. 

After  an  iinalysis  of  the  correspondence  between  the  mathemat- 
ical assumptions  mentioned  above  and  the  different  formulas  for 
interpolation,  the  author  reaches  the  conclusion  that  the  most 
satisfactorv  formula  is: 

E  (/)  =  £,  +i^"--  .  E,  +^'-'''^-"-^^   ^E,±p^    (3) 

3-5.  The  normal  change  of  an  element  with  the  time.  The  real 
change  of  an  element  being  either  unobtainable  or  too  complicated 
for  practical  or  theoretical  purposes,  the  problem  of  finding  the  real 
change  is  often  replaced  by  the  problem  of  finding  the  normal 
change  of  the  element.  Since  there  is  no  general  agreement  on  the 
conception  of  normal  change,  we  shall  have  to  define  it  in  such  a 
way  that  our  definition  will  agree  with  the  most  usual  interpreta- 
tions. By  normal  change  we  will  understand  the  change  in  E 
free  from  all  irregular  periodic  or  aperiodic  accidental  or  system- 
atic changes.  Of  the  components  of  E,  we  keep  only  the  first  two, 
the  secular  and  the  regular  periodic,  thus  writing: 

E„orm  =  Ft  (/)  +  fr.  (/)  +  fr.  (0  + fr„  (t)  (4) 

Kach  separate  term  on  the  right  side  of  this  equation  may  also  be 
called  a  normal  change,  for  instance,  "normal  secular  change," 
"normal  diurnal  change,"  and  so  on. 

If  E  has  been  registered  continuously,  the  process  of  finding 
the  normal  change  usually  consists  in  taking  the  values  of  E  for 
equidistant  intervals  of  /  from  the  graphs  and  from  these  values  to 
compute  the  separate  periodic  functions  /,,  f.„  .  .  Jn,  startmg  with 
the  one  which  has  the  shortest  period.  If  the  registrations  show 
great  aperiodic  changes,   it   is  advantageous  to  obtain   the  mean 
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values  of  E  for  the  time-inter\  als  either  by  summation,  or  graphical 
integration,  and  to  coordinate  these  values  with  the  mean  time  of  the 
interval. 

If  only  separate  values  of  the  element  are  known,  the  computa- 
tion of  the  normal  change  will  be  much  more  uncertain,  chiefly  on 
account  of  the  presence  of  xalues  which  represent  abnormal  con- 
ditions. These  may  sometimes  be  rejected,  but  there  is  no  safe 
criterion  for  the  rejection  of  "tliscordant"  observations,  although 
many  have  been  proposed.  Accordingly,  the  determination  of  the 
normal  change  is  often  arbitrary  because  the  result,  to  a  great 
extent,  depends  upon  where  the  limit  for  rejection  has  been  drawn. 

6.  The  smoothed  change  of  an  element  "with  the  time.  In  order 
to  weaken,  in  the  first  place,  the  influence  of  systematic  aperiodic 
changes  of  not  very  long  duration,  the  method  of  smoothing  the 
results  of  observation  is  used.  \\'e  can  define  what  we  mean  by 
the  smoothed  value  of  E  by  the  equation : 

Esmooth    =    F  (/)  -f  f,  (/)  +  f,  (t)  + +  f„    (/)   +  r  [0(/) 

+  a  (/)  +  i3  (/)1  (5) 

where  0<  r  <  I 

The  process  of  smoothing  consists  in  substituting  for  each 
observed  value  Ep,  a  smoothed  value  E' p  derived  from  the  \alue 
Ep  and  the  preceding  and  following  values: 

E'p  =  l,Ep  +  /,  {Ep-,  +  Ep+x)  +  /,  {Ep-2  4-  £h-2)  +  •  • 

+  h  (Ep-,  -\-  Ep+k)  (6) 

where  /„,  /, Ik  arc  numerical  constants,  which  are  subject  to 

the  condition 

/.,  +  2  (/. -f /.,  + +  /.^  =  1  (7) 

In  order  that  the  \alues  E'p  nvay  actually  deserve  the  name  of 
smoothed  \alues,  the  ff)llowing  reciuirement  must  be  fulfilled:  It 
must  be  possible  to  find  a  function 

E  (t)  =  E  it,  Ep-k  ...  Ep  ....  Ep+k)  (8) 

which  is  continuous,  preser\es  its  form  for  each  of  tlu-  inter\'als 
between  the  moments 

(p     k tp tp  +  k, 

gives  ideniiccd  \alues  for  these  trans"tory  moments,  and  the  mean 
value  of  which  shall  be  equal  to  the  corresponding  smoothed  value, 
that  is: 
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r-'t,  +  I2  r 
E  it)  dt  =  E'p  T  (9) 

•^   tp  -  \k  T 

The  smoothing  can  be  made  graphically  or  arithmetically.  The 
graphical  smoothing,  which  is  of  a  rather  arbitrary  character,  con- 
sists in  drawing  a  smooth  curve,  not  through  the  points  Ep,  tp  in 
the  (£,  t)  diagram,  but  near  them  and  taking  for  the  values  of  E' p, 
the  values  of  the  ordinates  of  the  curve. 

The  arithmetical  smoothing  consists  in  computing  the  values 
E'p  by  means  of  fixed  values  /q,  /j  .  .  .  .  h-  The  same  process  may 
be  repeated  and  a  second  set  of  smoothed  values  E"p  computed, 
and  so  on.  The  usual  formula  for  smoothing  is  the  one  in  which  all 
/'s  have  the  same  value  and  k  is  usually  taken  equal  to  1  or  2,  as,  for 
example,  k  =  \: 

E'  =  ^(£,-1  +  Ep  +  Ep+,)  (10) 

But  these  formulas  do  not  seem  to  satisfy  the  idea  of  smoothing  as 
expressed  in  equations  (8)  and  (9) ;  they  do  not  produce  any  func- 
tion E{t),  which  gives  a  smooth  change  of  E. 

The  following  method  of  smoothing  may  be  preferable.  Let  us 
regard  one  observation  made  at  the  time  tp  as  represented  by  the 
rectangle  ABCD,  having  for  altitude  an  ordinate  OP  =  Ep  and  for 
base,  a  time  interval  AD  =  T  (see  Fig.  1).  The  use  of  formula  (10) 
for  smoothing  implies  that  we  replace  this  rectangle  by  the  rec- 
tangle abed,  the  base  of  which  is  equal  to  3r  and  the  height  equal  to 

-  Ep.      The  adjacent  rectangles,  which  are  not   indicated  in   the 

figure,  are  treated  in  the  same  way  and  the  smoothed  value  E'p  is 
the  sum  of  the  three  rectangle  parts  over  the  base  AD  =  T.  Now, 
instead  of  flattening  the  rectangle  ABCD  into  another  rectangle, 
we  will  transform  it  into  an  area  limited  by  the  curve 

,    hEp     _  ^'  (^-hr 

^=V^l^'  T'  ni) 

and  determine  the  coefficient  h  so  that  the  area,  bounded  by  the 
curve  and  the  ordinates  AB  and  CD  will  be  one-half  of  the  area 
ABCD,  which  gives  us 

h  =  0.8538.  .  .  (12) 

The  method  here  suggested  can  also  be  described  in  other  words. 
The  curve  defined  by  (11)  gives  the  probability  according  to  Gauss's 
law  for  F.,  assuming  the  value  Ep  within  the  different  time  intervals 
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Tp—k....Tp+k,  and  by  means  of  (12),  we  arbitrarih-  fix  this 
probability  within  the  interval  Tp  —  AD  at  0.5.  The  probabilities 
for  E,  assuming  the  value  Ep  within  the  time  intervals  Tp—\  etc., 

can  easily  be  found  by  evaluation  of  the  integral  I  e~'^  dx.  We 
denote  the  proljabilities  by  II',,  W.,  ....  and  find 

ir,  =  0.2286 .  .  .  ;    IK  =0.0210 .  .  .  ;    U;  =  0.004 .  .  .  (13) 

These  values  multiplied  by  Ep  evidently  represent  the  areas 
limited  by  the  curve  (11)  and  the  ordinates  DC,  dc,  etc.  The 
smoothed  value  E'p  corresponding  to  the  time  tp  can  be  regarded 
as  the  sum  of  the  areas  over  the  base  AD,  limited  by  the  curve 
(11)  and  the  corresponding  curxes  for  Ep^i,  Ep—\,  etc. 

E'p  =  0.02  Ep-2  +  0.23  Ep-x  +  0.5  Ep  +  0.23  Ep+x  +  0.02  Ep+2  (14) 

Equation  (14)  giv-es  us  separated  smoothed  values.  However, 
it  is  evident  that  we  can  easily  determine  a  function  E{t)  which 
gives  us  continuous  smoothed  values,  thus  fulfilling  the  condition 
(9).  The  function  E{t)  is  simply  the  sum  of  the  ordinates  of  the 
curves  E  corresponding  to  any  value  of  / 


"  ■•  -I  — 

vV7'  ^ 
-P—k 


-^   h  Ei         _ 


where  it  i.s  u.sually  sufficient  to  lake  k  =  2;  see  (13j.      The  lormulas 
here  developed  have  given  very  satisfactory  results  in  practice. 

The  final  result  of  the  computations  made  to  determine  the  real, 
normal  or  smoothed  change  of  an  element  with  time  may  be  repre- 
sented by  a  graph,  a  table,  or  an  empiric  formula.  These  different 
representations  have  both  ad\antages  and  disad\antages,  treated 
in  detail  in  the  article. 

7.  The  interval  of  time  heturcti  separate  observatiovs  atid  the 
limit  of  precision  necessary  for  finding  the  chani^e  of  an  element  with 
time.  The  author  gives  here  certain  suggestions  concerning  these 
questions. 

8.  The  representation  of  the  chani^e  of  an  element  with  time. 

9.  The  representation  of  the  distribution  of  an  element  over  a 
certain  ref^ion.  Let  us  suppose  that  we  know  the  values  of  an  ele- 
ment E  for  a  number  of  points  t<t>.  A)  of  a  certain  region  for  a  given 
UKjment  1  =  1^,  either  from  simultaneous  obser\ations  or  from  ob- 
servations reduced  to  the  same  epoch,  the  observation  of  an  clement 
at  all  the  points  over  a  certain  area  iKMng  physicalK'  impossible. 
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Tlic  distrihution  of  the  clement  is  generally  so  complicated  that  its 
analytical  representation  is  impossible.  The  tabular  representation 
usually  has  the  form  of  a  table  with  two  entrances,  or  a  set  of  tables 
for  each  of  which,  one  of  the  independent  v^ariables,  4>  or  X,  has  a 
constant  value.  Three  different  graphical  representations  may  be 
mentioned: 

a.  A  series  of  cur\-es  showing,  for  instance,  the  variation  of  the 
element  with  longitude  for  different  \alues  of  latitude; 

b.  Maps  with  shaded  regions,  in  which  the  value  of  the  element 
lies  within  certain  limits; 

c.  Maps  with  isoHnes,  i.  c.,  lines  along  which  the  element  has  a 
constant  value. 


The  last  method  is  the  most  familiar,  but  the  defects  of  this 
representation  become  obvious,  when  we  discuss  how  to  find  the 
value  of  the  element  represented  by  the  isolines  at  any  point  not  on 
the  isolines.  If  the  isolines  are  running  smoothly  and  their  distances 
for  equidistant  values  of  the  element  are  varying  slowly,  then  we 
may  find  the  value  at  the  point  by  linear  interpolation.    However, 
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if  the  shape  of  the  isolines  and  their  mutual  distances  are  irregular, 
the  graphical  interpolation  will  depend  on  the  direction  of  the 
straight  line  along  which  we  shall  interpolate  and  the  differences 
between  the  estimated  value  at  the  point  may  reach  20  or  30  per 
cent  of  the  difference  between  the  values  of  the  element  at  two 
consecutive  lines. 

The  same  difficulties  arise  when  we  try  to  interpolate  from  a 
table  with  double  entrance  (</>  and  A),  The  usual  formulas  for 
interpolation  do  not  take  account  of  second  differences  or,  in  other 
words,  the  formulas  for  determining  the  value  £  at  a  point  0,  A. 
for  which 

0n  <  0  <  0, ;      Aj,  <  A  <  A, 

contain  only  the  values  £oo,  £„,,  £,^  and  £,,  corresponding  to  the 
four  adjacent  points,  (p^  \,  etc.;  but  even  in  this  case  there  can 
be  four  different   formulas  according  to    the   values:    £,„  — £oo 

or  £,,  — -Eq,     and     ^p,  —  ^ou     or   £,,  — -£,0,     which    are   attributed 

A(/)  AA    "  AA 

to  the  gradient  of  the  element  along  the  meridians  and  the  parallels. 
The  author  points  out  the  incompatibility  of  the  assumption  of 
the  linear  change  of  these  gradients  and  of  the  element  itself,  and 
gives  the  following  formula  for  interpolation  which  contains  some 
of  the  second  differences: 

A    <p  A  A. 

F     —  F     —  F     -A-  F,^ 

A<t>  A\ ^      '^  ~  *^"'   '     "    "^   "^ 

',A  -  AJ    (A  -  A,)  (16) 


£c2  ^^M       I       £oO 


2  A  A-' 

It  should  be  noted  that  the  graphical,  as  well  as  the  arithmetical, 
interpolation  leads  to  a  break  in  the  continuitN'  of  the  \alues  of  the 
gradient  of  the  clement;  the  graphical  in  crossing  an  isoline,  the 
arithmetical  in  crossing  a  meridian  or  a  jiarallel. 

10.  The  real  distrihutiou  of  an  elemetU  over  a  rertaiti  re^i^iou. 

11.  Ihm  to  find  the  points  of  equal  values  of  ati  element  over  a 
certain  region. 
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12.  The  desirability  of  perfecting  the  method  of  finding  the  posi- 
tion of  the  points  of  equal  value. 

13.  The  most  approximate  distribution  of  stations  in  the  survey 
of  a  certain  region. 

14.  llie  problem  of  drawing  the  lines  of  equal  value.  Having 
shown  in  paragraph  9  that  the  representation  of  an  element  over  a 
certain  region,  neither  by  means  of  lines  of  equal  values  nor  by  a 
table,  permits  us  to  determine  the  value  of  the  element  at  any 
point  with  a  high  degree  of  accuracy,  the  author  shows  the  im- 
possibility of  solving  even  approximately  the  inverse  problem, 
namely,  that  of  finding  the  distribution  of  an  element  by  means 
of  observations  made  at  isolated  points.  The  first  step  in  solving 
this  problem  is  to  find  the  position  of  the  points  of  equal  values, 
i.  e.,  the  points  where  the  element  has  the  selected  equidistant 
values.  The  second  step  is  to  draw  the  lines  of  equal  value.  For 
the  determination  of  the  points  there  are— usually  silently  made- 
several  assumptions,  the  most  important  of  which  is,  that  the 
element  in  the  vicinity  of  a  station  varies  proportionally  with  the 
distance  from  the  station.  However,  a  simple  geometrical  con- 
sideration shows  that  this  assumption  is  generaly  incorrect.  The 
relation  between  the  element  E  and  the  geographical  coordinates 
4)  and  A.  can  be  represented  as  a  surface 

s  =  f(x,  y)  (17) 

The  above-mentioned  assumption  implies  that  this  surface  has  a 
so-called  conical  point  over  the  station,  x^  y„  or  that  the  surface 
itself  is  a  plane.  Another  assumption,  which  is  often  made  al- 
though also  not  expressed,  and  which  is  really  a  consequence  of  the 
first,  is  that  if  the  element  has  the  same  value  at  two  adjacent 
stations,  then  it  has  the  same  value  on  the  straight  line  connecting 
these  stations.  A  geometrical  consideration  shows  that  this  as- 
sumption im.plies  that  the  surface  (17)  is  not  only  a  linear  surface 
but  a  cylinder.  Therefore,  the  only  case  when  both  assumptions 
are  fulfilled  is  the  one  when  surface  (17)  is  a  plane. 

To  illustrate  the  methods  by  which  these  assumptions  are  used 
for  finding  the  "isopoints,"  or  points  of  equal  values,  we  may  take 
as  an  example  the  discussions  of  the  results  of  the  magnetic  survey 
of  a  part  of  the  Government  of  Petrograd,  which  have  been  made 
independently  by  M.  A.  Rykacev'  and  E.  A.  Kucinskij.-  Rykacev 
simply  determines  the  "isopoints"  by  interpolating  between  two 
adjacent   stations,   supposing   that   the  element   changes   linearly 
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along  the  line  connecting  the  two  stations.  Kucinskij  uses  another 
method.  He  combines  not  only  adjacent  stations  but  stations,  the 
distance  between  which  is  less  than  three  times  the  average  dis- 
tance between  all  stations,  and  determines  much  more  numerous 
points  of  equal  values  by  linear  interpolation  between  such  pairs 
of  the  stations.  The  different  ways  in  which  Rykacev  and  Ku- 
cinskij draw  the  "isolines"  will  be  discussed  later. 

The  author,  in  his  investigations  of  the  distribution  ot  the 
elements  of  terrestrial  magnetism  in  Siberia,''  has  used  another 
method.  The  magnetic  observations  were  usually  made  along 
certain  routes  which  were  divided  into  rectilinear  parts.  If  the 
deflections  from  the  straight  line  were  noticeable,  the  observed 
values  at  the  points  nearest  to  the  straight  line  were  reduced  to  the 
line  by  means  of  an  approximate  value  of  the  gradient  of  the  ele- 
ment, obtained  from  a  preliminary  isolinic  map.  For  the  vara- 
tion  of  the  element  along  such  a  straight  line,  one  of  the  following 
formulas  was  adopted: 

£  =  7?„  +  a  (</,  -  <^.,)  (18) 

or 

E  =  E,+  fi(\-  A„)  (19) 

where  £„,  a  and  )3  were  computed  Ijy  means  of  the  method  of  least 
squares.  The  position  of  the.  "isopoints"  on  these  straight  lines 
could  then  be  computed.  If  the  stations  were  scattered  irregularly, 
or  over  a  limited  part  of  the  region,  the  linear  expression 

75  =  £„  +  a  (0  -  0J  +  /j  (\  -  A„)  (20) 

was  adopted,  and  the  constants  in  this  equation  were  determined 
l)y  means  of  the  method  of  least  squares. 

A  comparison  between  the  three  methods  for  finding  the  "iso- 
points" carried  out  in  the  case  of  the  abo\'e-mentioned  obser\atioiis 
in  the  (lovernment  of  Petrograd,  show  that,  if  the  stations  are  20 
or  30  km.  apart,  the  position  of  the  real  \alues  of  the  declination 
(accurate  to  1')  cannot  be  found  with  an\-  higher  degree  of  accurac\' 
than  2  km.  in  a  quiet  region,  and  this  limit  amounts  easily  to  6  km. 
in  a  region  where  the  "anomalies"  of  declination  are  of  the  order 
of  15'  to  20'. 

Another  meth(.d  of  finding  tlu-  "isopoints"  may  also  be  suggested 
according  to  which  the  points  derived  from  different  combinations 
of  stations  receive  difterent  weights  according  to  their  distance 
from  the  nearest  station.  The  weight  may  be  indicated  by  repre- 
senting the  "isopoint"  as  a  circle,  the  area  of  which  is  proportional 
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to  the  weight.  Tliis  method  is  intermediate  between  those  used  by 
Rykacev  and  the  author,  and  that  used  by  Kucinskij. 

The  conclusion  which  may  be  drawn  from  these  considerations 
is  that  the  methods  of  finding  the  "isopoints"  need  a  fundamental 
revision  and  perhaps  ought  to  be  made  subject  to  a  general  agree- 
ment between  scientists  interested  in  the  distribution  of  natural 
elements  over  the  surface  of  the  globe,  in  order  to  make  possible  a 
comparison  of  the  results  of  different  investigations. 

In  paragraph  13,  the  author  deals  with  the  problem  of  effecting 
a  distribution  of  stations  such  as  to  make  possible  the  precise  com- 
putation of  the  value  of  an  element  at  an  intermediate  point  and, 
from  considerations  based  on  the  theory  of  surfaces  and  on  the 
solution  of  the  problem  of  the  number  and  form  of  differential  para- 
meters of  a  function  of  two  independent  variables,  shows  that  the 
triangular  disposition  of  the  stations,  besides  other  advantages 
which  it  has,  for  example,  over  the  quadratic  disposition,  permits 
such  a  computation. 

The  "isopoints,"  the  determination  of  which  has  been  dealt  with 
in  paragraph  11,  must  be  regarded  as  representing  the  real  "iso- 
points." When  now  in  paragraph  14  the  author  proceeds  to  the 
problem  of  drawing  the  "isolines,"  we  meet  with  the  question  as  to 
what  kind  of  lines  we  seek.  The  real  distribution  of  an  element  may 
be  regarded  as  a  sum  of  different  terms: 

E  (0,  A)  =  fj  (0,  A)  -f  f^,  (</,,  A)  -f     +  f„  ((/),  A) 

-I-  (^j  (0,  A)  -f 

+  a,  (<^,  A)  -F (21) 

+  ^,  (0,  A)  -f 

corresponding  to  expression  (2)  for  the  different  changes  of  an  ele- 
ment with  time,  only  that  the  term  representing  the  secular  varia- 
tion is  missing  because  the  surface  of  the  globe  is  limited.     The 

terms  f,,   i^ the  author  calls  the  telluric  distribution;  the 

terms  0,,  0o ,  the  irregular  periodic  local  disturbances;  the  terms 

Oj,  a^ and   /3,,   /S, the  aperiodic  regional  disturbances, 

respectively.  The  normal  telluric  distribution  is  defined  as  the  sum 
of  the  terms  f,,  f,.  .  .  .,  the  normal  regional  distribution,  as  the  sum 
of  the  terms  f,,  f , .  .  .  and  ^^,  /3,.  .  .,  and  the  smoothed  distribution,  as: 

Es„,ooih    =  f,  (0,  A)  +  f,  (0,  A)  + .f„  (0,  A) 

+  r  [  4>{<t>,  A)  -\-  a(0.  A)  -f  ^(4>,  A)  ]  (22) 

where  0  <  r  <  1 
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Before  describing  the  methods  used  by  the  author  in  his  in- 
vestigations, we  will  mention  the  methods  used  by  Rykacev  and 
Kucinskij  for  tracing  the  "isoHnes."  Rykacev  simply  connects 
the  "isopoints"  by  straight  lines  and  gets  thus  a  broken  "isoline." 
Kucinskij  obtains  by  his  method  numerous  "isopoints"  lying  in 
strips.  He  first  draws  a  smooth  line  in  the  middle  of  this  strip 
and  then  draws  a  final  wave-like  line  through  the  points  lying  half 
way  between  his  smooth  curve  and  the  "isopoints."  No  attention 
is  paid  to  the  weight  of  the  "isopoint." 

The  following  method  was  used  by  the  author  in  determining 
the  smoothed  distribution  of  the  magnetic  elements  reduced  to  the 
epoch  1910.^  The  "isopoints"  were  determined  by  means  of  equa- 
tions (18)  to  (20)  and  their  positions  were  plotted  on  maps.  They 
were  distributed  in  strips  resembling. parabolic  curves,  hence  the 
equations: 

cA  =  c^o    +   7    (A  -  Ao)  +   8    (^  -  V)-  \         .23) 

\  =  Ao    +    7'  (0  -  <t>o)  -\-    ^'  (<f>  -  <^o)''  i 

were  introduced  to  represent  the  "isolines."  The  coefficients  in 
these  equations  were  determined  by  means  of  the  method  of  least 
squares.  The  deviations  in  longitude  and  latitude  of  the  "isopoints" 
from  the  "isolines"  (22)  could  be  regarded  as  partly  due  to  errors 
of  observation,  partly  to  errors  in  reduction  to  1910,  and  partly  to 
local  disturbances.  Hence,  it  seemed  approjjriate  to  apply  a  method 
of  smoothing  to  them.  After  using  the  method  of  smoothing  de- 
scribed in  paragraph  6,  a  second  set  of  points  of  intersections  of  the 
"isolines"  with  the  meridians  and  parallels  was  found.  This  second 
set  showed  regular  variations  between  these  points  of  intersection, 
so  the  next  step  was  to  express  it  by  means  of  the  following  equa- 
tions, again  using  the  method  of  least  squares: 

(24) 

The  last  step  consisted  in  smoothing  the  deviations  of  the  second 
set  from  the  values  computed  by  (24).  The  fourth  set  thus  ob- 
tained was  regan'ed  as  the  final  values  for  the  intersection  ol  the 
smoothed  "isolines"  with  the  meridians  and  parallels.  No  attempt 
was  made  to  express  the  result  in  analytical  h)rm. 

In  order  to  compare  the  sNstem  of  lines  derived  by  this  method 
with  that  drawn  by  Rykacev  and  Kucinskij,  the  method  here  de- 
scribed was  also  applied  to  the  observations  treated  1)\    tluin.  and 


0  =  <^o   +  'Z  il'^  -  Eo)    +  eiE-  EoY- 

) 

A  =  A„    +   y/(E  -  E,)    -^  ^  (E  -  EoY- 

i 
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the  lines  were  also  represented  by  an  analytical  expression  of  the 
second  degree  in  relation  to  </)  -  0„  and  A  -  A„.  The  result  was  that 
the  mean  deviation  of  the  observed  values  from  the  smoothed  values 
computed  by  the  author  was  slightly  less  than  the  mean  deviation 
resulting  from  the  "real"  lines  of  equal  values  obtained  in  other 
ways. 

The  preference  of  the  author's  method  was  still  more  evident 
when  he  treated — also  by  different  methods — the  distribution  of 
the  vertical  component  in  a  case  where  the  latter  could  be  calculated 
for  every  point  of  the  region  (a  field  disturbed  by  some  supposed 
ellipsoidal  and  cylindrical  masses  of  given  dimensions,  orientations, 
positions  and  changes). 

15-16.  The  time  interval  between  consecutive  surveys,  the  density 
of  stations  and  the  accuracy  of  the  observations.  Considering  the 
great  differences  between  the  natural  elements  which  are  subject 
to  observation,  it  is  impossible  to  give  any  rules  of  general  applica- 
tion. The  selection  of  time-interval,  density  of  stations  and  the 
limit  of  accuracy  depend  not  only  upon  the  changes  of  the  ele- 
ment with  time  and  space,  but  also  upon  the  aim  of  the  observa- 
tions, e.  g.,  whether  the  real,  the  normal,  or  the  smoothed  distribu- 
tion of  the  element  is  sought.  Some  theoretical  considerations  may 
give  help  toward  answering  the  questions  here  raised  (cf.  §  12). 
In  most  cases,  however,  the  answer  can  only  be  found  by  experi- 
ence, namely,  by  making  "micro-surveys" — ^observations  at  several 
"points"  of  a  "station." 

17.  Finding  and  representation  of  the  changes  of  the  distribution 
of  an  element  over  a  certain  region.  We  have  until  now  dealt  sepa- 
rately with  the  change  with  time  and  the  distribution  over  a  certain 
region,  and  have,  in  both  cases,  discriminated  between  real,  normal 
and  smoothed  change  or  distribution.  If  we  now  consider  both  to- 
gether we  obtain  nine  different  combinations,  the  real  change  of  the 
real  distribution,  and  so  on.  Generally  one  of  these  combinations  is 
sought,  namely  the  smoothed  change  of  the  smoothed  distribution. 
The  problem  of  finding  this  does  not  differ  materially  from  the 
separate  problems  treated  before,  but  is  more  complicated,  because 
it  deals  with  three  independent  variables.  The  practical  solution  of 
the  problem  consists  in : 

a.  Organization  of  stations  where  the  change  of  the  element 
with  time  is  observed  continuously; 

b.  Surveys  of  the  whole  region  which  have  to  be  repeated  at 

certain  intervals. 
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The  observations  can  be  treated  according  to  the  methods  here 
described.  The  results  can  be  represented  by  sets  of  tables  or  sets 
of  maps  accompanied  by  diagrams,  giving  the  change  with  time  at 
certain  selected  stations,  etc.  Charts  of  the  annual  change  of  an 
element  are  graphical  representations  of  a  peculiar  type. 

18.  The  density  of  the  stations  and  the  precision  of  the  measure- 
ment by  the  magnetic  surveys. 

We  shall  try  now  to  apply  these  general  considerations  to  the 
particular  case  of  a  magnetic  survey,  with  special  reference  to 
Asiatic  Russia. 

For  populated  regions  with  a  sufficient  number  of  permanent 
or  temporary  magnetic  observatories  or  stations,  real  values  of 
declination  and  inclination  may  be  known  with  an  accuracy  of 
±2'  and  of  horizontal  intensity  within  about  ±107.  T^his  limit  is  set 
by  uncertainty  as  to  reduction  to  a  certain  epoch  and  by  errors  of 
observation.  However,  it  is  not  possible  to  find  the  real  value  of  D 
at  a  point  not  coinciding  with  a  point  of  observation  within  less  than 
±5'  even  if  the  stations  are  about  20  km.  apart  (see  paragraph  11). 

If  we  consider  the  field  observations  made  in  regions  thinly 
populated,  where  the  means  of  transportation  are  very  difficult,  the 
maps  deficient,  and  for  which  data  regarding  annual  variations  are 
few,  it  is  no  exaggeration  to  assume  that  the  real  value  of  D  (declina- 
tion) for  a  station,  after  reduction  to  the  epoch,  can  be  considered 
to  be  known  only  within  some  l+:10',  of  I  (inclination)  within  :':5' 
and  of  H  (horizontal  intensity)  within  ±107.  For  a  point  lying  off 
one  of  the  routes,  the  error  of  the  interpolated  "real"  value  of  D 
can  easy  exceed  some  20'  — 30',  of  /  some  10'  — 15',  and  of  //  ^omc 
3O-5O7. 

In  such  cases  the  use  of  instruments  of  high  precision  would  be 
justified  if  after  20  to  30  years  it  would  be  possible  to  secure  along  the 
route  of  the  expedition  e\en  a  few  repeat  stations.  For  many 
regions — particularly  for  well-nigh  half  of  the  86  per  cent  of  the 
area  of  Siberia  which  is  still  entireh'  unexplored  in  respect  to  ter- 
restrial mgnetism^ — the  realization  of  such  fundamental  stations 
is  practically  impossible.  Besides,  the  determination  of  the  annual 
change  of  one  '^f  the  elements  of  terrestrial  magnetism,  deduced 
from  the  comparison  of  determination  made  now  with  a  smaller 
precision  but  at  a  greater  number  of  points  (the  author  emphasizes 
again  the  idea  of  "micro-surveys")  with  the  determinations  which 
may  be  made  in  several  points  of  the  same  district  in  20  to  30  years, 
will  be  sufficientK'  trustworthw 
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Therefore  it  is  quite  legitimate  to  ask  the  question  whether  it  is 
possible  to  reduce  the  requirements  usually  made  as  to  the  instru- 
ments and  to  the  methods  used  in  field  observations  during  the  sur- 
veys in  such  inaccessible  regions  as,  for  instance,  the  greater  part  of 
Asiatic  Russia?  Is  it  not  preferable  to  have  determinations  of  a 
moderate  precision  than  to  have  none  at  all?  Positive  answers  to 
these  questions  would  at  once  make  possible  magnetic  surveys  of 
many  regions  which  must  otherwise  wait  for  several  decades. 

In  this  respect  special  attention  deserves  to  be  drawn  to  the 
words  of  L.  A.  Bauer  in  his  general  suggestions'-  to  the  observers  of 
the  Department  of  Terrestrial  Magnetism  of  the  Carnegie  Institu- 
tion of  Washington:  "Local  disturbances  frequently  exceed  the 
diurnal-variaton  correction.  Hence,  in  disturbed  regions,  and  if 
the  time  is  limited,  multiplicity  of  stations,  rather  than  great  ac- 
curacy at  one  station,  must  be  the  endeavor."  Since  only  a  great 
number  of  stations  can  give  information  regarding  disturbances, 
and  since  in  Siberia  the  time  for  observation  is  practically  limited  to 
the  summer,  the  author  forms  L.  A.  Bauer's  words  thus:  "Multi- 
plicity of  stations  must  be  the  endeavor,  even  at  the  expense  of  a 
certain  lowering  of  the  precision  of  the  measurement." 

In  favor  of  such  assertion,  the  author  quotes  one  more  considera- 
tion:. It  is  practically  impossible  to  find  the  real  distribution,  hence, 
the  purpose  of  a  magnetic  survey— at  least  of  the  first  survey  of  a 
region  not  yet  visited  by  magneticians— must  be  to  find  the 
smoothed  or  even  the  normal  regional  distribution  of  magnetic  ele- 
ments, and  for  this  purpose  it  is  sufficient  to  have  determinations 
of  an  inferior  precision  but,  if  possible,  free  from  local  influences. 
This  consideration  can  be  corroborated  by  the  following  table, 
which  gives  the  values  of  the  mean  deviations  of  the  values  of  D,  I 
and  H  for  the  magnetic  survey  of  Japan  of  1913  from  the  "normal" 
distribution  given  by  T.  Nakano«,  computed  by  the  author  sepa- 
rately for  the  "normal"  stations  and  for  the  "anomalous"  stations, 
as  well  as  for  both  kinds  together. 

Table  1. 


Japan,  1913 

AD 

A  /         AH 

Normal  stations .... 
Anomalous  stations. 
All  stations 

±6.4 

±35.5 
±10.3 

1 

±6.0 

±34.6 

±9.8 

7 

±71 
±286 
±100 
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It  may  be  noted  that,  assuming  the  average  amount  of  the  local 
disturbing  force  to  be  of  the  order  of  2007'^,  the  formulas  which 
the  author  has  deduced  in  the  quoted  paper  give  for  /  =  49°  and 
H  =  0.30  c.  g.  s., 

A  /J)  =   ±12',   A  /  =   ±8',      A  //  =   ±1007. 

The  reduction  of  the  requirements  to  the  precision  of  the  ob- 
servations, compared  with  the  precision  which  can  be  obtained 
with  a  first-class  instrument  during  a  stay  lasting  not  less  than  8 
hours,  can  be  reached  in  three  ways: 

a.  Abbreviation  of  the  program  of  the  observations  at  each 
station ; 

h.     Simplification  of  the  methods  of  the  determinations; 

c.     Using  instruments  of  another  type. 

If,  as  an  example  of  a  first-class  instrument,  we  take  the  C.  I.  W. 
(Carnegie  Institution  of  Washington)  magnetometer-inductor,  a 
full  set  of  observ^ations  comprises: 

a.     Observations  of  the  Sun ; 

h.     Determination  of  the  inclination; 

c.  Determination  of  the  declination  with  a  preliminary  de- 
torsion  of  the  ribl)on  and  with  the  in\ersion  of  the  magnet; 

d.  Oscillations  and  torsion; 

e.  Deflections; 

/.       =e\  g=d\h=c  (without  detorsion) ;  /  =  d ;  /'  =  a. 

If  the  interval  of  observation  includes  noon,  the  circummeridian 
observations  of  the  Sun  are  added.  If  the  time  is  limited,  some 
points  of  this  program  have  to  be  canceled.**  Personally,  the  author 
recommends,  as  far  as  the  items  c  to  h  and  j  of  the  program  above 
arc  concerned,  to  sacrifice  those  in  the  following  order:  (1)  detorsion, 
(2)  determination  of  the  torsion,  (3)  repeating  of  the  inversion  of 
the  magnet  by  declination  observations,  (4)  repeating  of  the  de- 
flections, (5)  repeating  of  the  oscillations,  (6)  deflections  entirely, 
(7)  inversion  of  the  magnet  entirely,  (8)  number  of  pointings  on  the 
Sun  (4  and  even  2  instead  of  8),  (9)  pointings  on  the  Sun  and  de- 
terminaton  of  the  declination  entirely,  or  oscillations  entirely. 

A  considerable  economy  of  time  is  attained  when  two  observers 
are  working  simultaneously,  and  there  is  a  separate  astronomical 
theodolite  and  also  a  special  stand  with  a  horizontal  circle  for  the 
magnetic  house.  Then  it  is  possible  to  mount  at  once  the  earth- 
inductor,  the  galvanometer,  the  magnetometer,  and  the  astro- 
nomical theodolite,  the  two  latter  being  placed  on  one  straight  line 
with  the  chosen  mark.     The  jiresence  of  a  separate  theodolite,  be- 
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sides  increasing  the  precision  of  the  readings  (from  1'  of  the  C.  I.  W. 
magnetometer  to  10"  and  20"  of  the  Hildebrand's  theodolite — 
small  model- — which  the  author  usually  takes  with  him  on  his 
trips),  has  a  calming  effect,  in  the  case  of  a  cloudy  sky,  on  the  ob- 
server, who  is  now  sure  that  if  the  Sun  appears  even  for  a  short 
time  the  station  will  not  remain  without  determination  of  D.  But 
even  if  the  theodolite  of  the  magnetometer  has  to  be  used  for  the 
observations  of  the  Sun,  a  separate  circle  for  the  magnetometer  is 
very  useful.  As  an  illustration,  the  author  quotes  the  observations 
at  Sunijarskoje  in  1914,  where,  owing  to  the  fact  that  on  the  steam- 
boat his  assistant,  the  late  A.  A.  Belov,  and  himself  had  previously 
mounted  the  earth-inductor,  the  magnetic  house  and  the  gal- 
vanometer, they  had  succeeded  during  the  23-minute  stop  of  the 
boat,  in  carrying  the  instruments  to  a  sufificient  distance  from  the 
steamer  to  make  one  pointing  on  the  Sun  and  one  on  the  mark, 
three  settings  of  the  earth-inductor,  one  pointing  on  the  magnet, 
and  one  on  the  mark,  and  one  series  of  observations  of  150  oscilla- 
tions, and  to  return  to  the  steamer.  The  values  of  D,  I  and  H,  com- 
puted from  these  observations,  gave  quite  satisfactory  results  when 
plotted  on  the  isolinic  charts. 

Generally  the  author  is  of  the  opinion  that  the  time  of  every 
forced  stop  caused  by  some  unforeseen  circumstance  must  be  used 
for  an  extension  of  the  above  program,  as  well  as  to  an  increase  of 
the  number  of  the  observations  of  each  item  of  the  program,  or 
for  repeating  the  observations  at  another  point  of  the  station,  or  for 
organizing  variometric  observations.  But  if  the  time  of  the  stop  is 
limited  it  is  better  to  use  it  for  the  determination  of  two  or  even 
one  element  instead  of  the  three,  with  the  intention  of  determining 
at  the  followng  station  only  the  deficient  elements,  if  the  stop  there 
also  will  be  short,  rather  than  to  make  no  observations  at  all.  In 
the  practice  of  his  seven  expeditions,  the  author  in  several  cases 
used  a  15  to  20-minute  stop  of  the  steamboat  for  a  determination 
of  D  and  H,  or  of  only  D,  or  of  only  /,  or  of  only  //. 

The  determination  of  H  can  be  simplified.  The  most  important 
step  in  this  direction  would  be  attained  if  we  could  eliminate  the 
use  of  the  chronometers,  which  have  to  be  transported  ver>'  care- 
fully. Indeed,  the  modern  methods  of  preparing  magnets,  the 
magnetic  moment  of  which  decrease  very  slowly  and  regularly, 
make  it  possible  to  determine  the  magnetic  moment  only  at  the 
beginning  and  at  the  end  of  even  comparatixely  long-lasting  ex- 
peditions and  of  observing  on  the  expedition  either  the  deflections 
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only,  or  the  oscillations  only,  with  but  an  insignificant  decrease  of 
the  precision  of  the  result. 

First  steps  in  this  direction  were  made  by  V.  D.  Dudeckij  and 
the  author  by  means  of  a  stop-watch  with  a  double  pointer;  one 
was  running  uninterruptedly,  and  the  second  stopped  after  a  first 
pressing  of  the  button,  and  at  a  second  pressing  of  the  button  over- 
took the  first  pointer  and  went  along  together  with  it.  The  experi- 
ments gave  quite  satisfactory  results.  Furthermore,  the  author 
proceeded  to  the  use  of  an  ordinary  watch,  by  means  of  which  the 
observer  noted  the  times  after  counting  two  seconds  after  the 
passage  of  the  magnet.  The  errors  in  the  notations  of  the  time  sel- 
dom exceed  half  a  second.  If  we  consider  the  unfaxorable  case, 
that  the  time  of  5  oscillations  is  only  18  seconds,  and  that  only  150 
oscillations  are  observed,  then  in  using  a  chronometer  and  assum- 
ing the  mean  error  of  the  difference  of  the  moments  of  the  passage 
to  be  equal  to  0.2  second,  we  obtain  for  the  relative  accuracy  of  the 

period  the  value        0.2  rAnn^^i-     c  ^u  •    \     .u   ^ 

^  -—— — ;=iz:i:  =  0.0001/    of  thc  pcHod,   that  means 

360  V  11  H  - 

of  0.03  per  cent  of  H,  and  in  using  an  ordinary  watch,  of  0.12  per 

cent  H,  e.  g.,  about  257  for  the  author's  region  of  work,  which 

may  be  considered  as  a  sufficient  precision. 

If  we  limit  outselves  to  a  precision  of  this  kind  and  agree  to  take 
observations  of  defiections  only  at  the  final  stations  of  an  expedi- 
tion, the  dimensions  of  the  box  containing  the  magnetometer  can 
be  considerably  tliminished.  W'e  do  not  need  the  detlection  bar, 
nor  the  box  for  the  deflecting  magnet,  nor  the  deflecting  magnet 
itself;  the  suspension  ribbon  can  be  made  shorter  and  also  some- 
what thicker,  and  therefore  more  solid,  and  hence  the  magnet 
house  smaller. 

It  should  be  noted  that,  if  in  order  to  increase  the  number  of 
stations  \cry  much,  the  precision  is  reduced  to  20'  for  /),  lOOy  for 
H,  and  10'  for  /,  the  instrumental  equipment  might  be  retiiiced  to 
considerable  simplicity  and  portability.  The  azimuth  could  be 
determined  1)>'  ol)ser\ation  of  Polaris  without  any  angle-measuring 
instrument,  for  instance,  by  means  of  two  plumb-lines,"  which 
allow  finding  tl'j  flirection  of  the  meridian  within  10'  to  15'.  The 
time-C(jrrection  of  the  watch  might  then  be  found  within  30  to  40 
seconds  by  obser\  iiig  the  passage  of  some  known  stars. 

For  the  determination  of  D,  a  good  declination  needle  could 
serve,  especially  when  it  is  provided  with  a  double  top.  For  the 
determination  of  //  and   V  r.\u^\  hence  ot  /)  with  a  precision  of  I4  to 
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y2  per  cent  of  their  values,  the  portable  "deflectors"  used  in  the 
navy  could  serve,  giving  the  values  of  H  and  V  by  means  of  simple 
and  rapid  manipulations.  Such  a  simplification  of  the  method  of 
field  observations  might  extend  our  knowledge  of  the  distribution 
of  the  magnetic  elements  to  regions  never  before  visited,  not  only 
by  magneticians,  but  by  any  scientific  investigator. 
Tomsk,  Siberia. 
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Omsk,  15  pp.,  with  2  charts  (lith.),  1919. 


COMMENTS  ON  WEINBERG'S  SUGGESTIONS  FOR 
FIELD  WORK.i 

By  J.  A.  Fleming. 

With  modern  instruments  and  reasonalile  control  of  secular  \a- 
riation  and  a  scheme  of  observ'ation  arranged  so  as  to  aid  in  the 
elimination  of  diurnal  variation,  it  seems  assured  that  the  values 
of  the  magnetic  elements  for  a  given  epoch  at  stations  where  ob- 
servations have  once  been  made  may  be  known  with  an  accuracy 
approaching  ±2'  in  declination,  D,  and  inclination,  /,  and  with 
an  accuracy  of  ±0.00177  in  horizontal  intensity,  //,  with  the  excep- 
tion of  stations  in  high  magnetic  latitudes  where  diurnal-variation 
corrections  and  reductions  on  account  of  magnetic  storms  are 
uncertain.-  This  should  hold  even  in  regions  where  there  are  rela- 
tively few  stations.  The  real  \^alues  at  points  intermediate  between 
stations  should  be  capable  of  interpolation  with  a  precision  not 
much  less  than  above  indicated  provided  no  local  disturbances  exist. 
It  is  the  practice  of  the  Department  of  Terrestrial  Magnetism,  as 
indicated  in  our  "General  Directions  for  Magnetic  Observations," 
to  determine  at  each  station,  before  carrying  out  the  complete  pro- 
gram of  observations,  whether  there  is  any  appreciable  local  dis- 
turbance, thus  insuring  that  distribution  and  secular-xariation 
stations  may  represent,  as  nearly  as  possible,  normal  \'alues  in  the 
regions  concerned.  F^or  regions  where  local  disturbances  are  found 
to  exist,  provision  is  made  for  a  greatly  increased  number  of  stations 
with  a  lower  order  of  precision. 

Multiplicity  of  relatively  inaccurate  obser\'ations  in  regions  of 
known  distribution,  at  practically  the  same  expenditure  of  time 
and  mone>',  would  be  a  mistake,  particularly  in  \iew  of  the  fact  that 
the  secular  change,  as  shown  b\-  extensive  experience,  may  not  be 
extrapolated  safely  for  many  years.  Secular-change  data  result- 
ing from  obser\ations  made  at  intervals  of  from  20  to  30  years,  a 
procedure  indicated  as  desirable  by  Weinl)erg,  would  not  nie.-t 
requirements. 

The  extensive  experience  of  our  observers  in  all  parts  of  the 
world  has  shown  that  with  the  modern  form  of  magnetometers 
difficulties  of  transportation  can  be  successfulU'  owrcome.  For 
surveys  in  regions  of  high  magnetic  latitude  our  work  has  been 
facilitated,  with  no  great  decrease  in  general  accurac\',  1)\-  the  use 
of  the  dij)  circle  with  compass  and  telescope  attachments,  using 
Lloyd's  method  for  the  determination  of  total  intensity,  I\  and 
inclination,  /,  with  the  restriction  that  loaded-dip  and  deflection 
observations  should  invariabh'  be  made  at  cver\'  station;  with  this 
universal  instrument  it  is  possible  to  secure  observations  for  the 
determination  r<"  all  three  elements  in  a  \ery  short  time. 

( )ur  practice  is  to  take  acKantage  f)f  e\ery  oi)port  unity  offered  to 
secure  observations,  e\"ea  if  only  one  element  can  bi'  dctcnnined. 
Concluded  on  page  lf)S. 

•Cf.  Terr.  Mag.,  this  article,  pp.  150-155. 

'  Because  of  the  different  order  of  values  of  //  at  various  stations,  it  is  desirable  to  express  the 
order  of  accuiacy  of  observation  in  parts  of  //  rather  than  in  gammas,  as  Weinberg  has  done. 
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LATEST    ANNUAL    VALUES    OF    THE    MAGNETIC    ELE- 
MENTS  AT   OBSERVATORIES.! 

Compiled  by  J.  A.  Fleming. 


Declina- 

Inclina- 

Intensity 

Ofrii^rv'i  1"or\' 

Lati- 

Lori'-^i- 

Vcur 

tion 

tion 

V.-/U5Vt  V  dlVJl  \ 

tude 

tucie 

{D) 

(/) 

Hor.  (H) 

Ver.  (Z) 

c     / 

0     / 

°     ' 

0 

c.  g.  s. 

c.  g.  s. 

Sodanklyji  .  . 

67  21  X 

26  39  E 

1915 

0  27. 2E 

75  22.1  X 

.12853 

.49232- 

1916 

0  34 . 6  E 

75  25  0  X 

.12806 

.49222 

Pavlovsk.  .  .  . 

59  41  X 

30  29  E 

1919 

2  35 . 2  E 

71  07.9  X 

.16023 

.46882 

Sitka  

57  03  X 

135  20\V 

1920 

30  28  2  E 

74  22.1  X 

.15574 

. 55663 

Katharinen- 

burg 

56  50  X 

60  38  E 

1913 

10  57. 4E 

71  12.1  X 

.17290 

.50792 

1914 

11  00 . 1  E 

71  16.2  X 

.17219 

.50786 

1915 

11  02.6  E 

71  21.2  X 

.17142 

. 50797 

1916 

11  03.8  E 

71  25.6  X 

.17070 

. 50800 

1917 

11  03.7  E 

71  29.8  X 

.17000 

.50796 

1918 

11  03. 3E 

71  33.7  \ 

.16936 

.50797 

1919 

11  02. 8E 

71  38.1  N 

.16872 

. 50823 

1920 

11  01. 9E 

71  42.1  N 

.16812 

. 50843 

1921 

11  01.5  E 

71  46.1  X 

16754 

. 50865 

Rude  Skov.  . 

55  51  X 

12  27  E 

1919 

8  07. 4W 

68  58.2  X 

.17144 

.44592 

1920 

7  57. 2W 

68  59.6  X 

.17124 

.44596 

Kasan(n.site) 

55  50  X 

48  51  E 

1914^ 

8  21.3  E 

69  22.1  X 

.17891 

.47517 

Esdalemuir. .  . 

55  19  X 

3  12\V 

1919 

16  58.7\V 

69  39.5  X 

.16713 

45084 

Meanook.  .  .  . 

54  37  X 

113  20W 

1921 

27  33.3  E 

77  53.7  X 

.12909 

.60190 

Stonyhurst . .  . 

53  51  X 

2  28\\' 

1921 

L5  41  5\V 

68  43.0  X 

.17315 

44449 

Wilhelmsh'vri 

53  32  X 

8  09  E 

1911 

11  28  2\V 

67  30. 7 X^ 

.18110 

.437475 

Potsdam 

52  23  X 

13  04  E 

1921 

7  18.9\V 

66  34 . 5  X 

.18591 

.42911 

Seddin 

52  17  X 

13  01  E 

1921 

7  20  2\V 

66  31.5  X 

.18629 

.42896 

Irkutsk 

51   16  X 

104  16  E 

1909 

1  51.3  E 

70  33.5  X 

. 19860 

56265 

'See  tables  for  previous  years  in  Terr.  Mag.,  vol.  4,  p.  135;  vol.  5,  p.  128;  vol.  S,  p.  7;  vol.  12,  p. 
175;  vol.  16,  p.  209;  vol.  20,  p.  131;  vol.  22,  p.  169;  vol.  23,  p.  191;  vol.  25,  p.  179;  and  vol.  26, 
p.  147. 

'The  value  of  Z  for  1914  should  read  0.49260  instead  of  0.49238  as  given  on  p.  147.  Terr.  Mag., 
vol.  26. 

'Values  are  means  for  first  4  and  last  4  months  only. 

".Absolute  values  only. 

'Computed  from  /  and  H:  the  same  remark  applies  wherever  values  of  Z  were  lacking  in  ob- 
servatory publications. 
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Observatory 


Lati- 
tude 


Longi- 
tude 

Year 

5  11  E 

1921 

10  15\V 

1919 

7  14E 

1921 

0  00 

1920 
1921 

0  19\V 

1919 

4  21  p: 

1915 

16  14  E 

1913 

14  25  E 

1914 
1915 
1916 
1917 

19  58  E 

1913 

2  01  E 

1917 
1918 

11  37  K 

1911 

18  12  E 

1915 
1916 
1917 
1918 

13  51  E 

1918 

79  16W 

1921 

44  48  E 

1913 

14  15  E 

1911 
1912 

0  31  E 

1921 

8  25W 

1919 

7ft  50\\' 

1920 

Declina- 
tion 


Inclina- 
tion 

(/) 


Intensity 


Hor.  {H) 


Ver.  (Z) 


De  Bilt 

Valencia*.  .  . 
Bochum .... 
Greenwich .  . 

Kew 

Uccle 

Hermsdorf .  . 
Prague 


Cracow.  .  .  . 
\'al  Joycux. 

.Munich. . .  . 


O'Gvalla 

(Pesth), 


Pola 

Agincourt. .  . 

Tiflis 

(\Tpodimonte 


52  06  N 
51  56  N 

51  29  N 

51  28  N 

51  28  N 
50  48  N 
50  46  N 
50  05  N 

50  04  N 
48  49  N 

48  09  N 

47  53  N 


EI)ro(Tortosa 

("oimbra 

Cheltenham. 


44  52  N 
43  47  N 

41  43  N 

40  52  N 

40  49  N 
40  12  N 
38  A  \  N 


11  13.6W 
19  27.  2W 
10  10. 4W 

14  08. 6 W 

13  57. 6W 

14  40.9\V 

12  38.4\V 

6  58.2\V 

7  32.  IW 
7  24. 2W 
7  14. 3W 
7  05. 3 W 

5  03. 3W 

13  21.5W 
13  12.4W 

9  23.  8W 

5  50.1\V 

5  41.1\V 

5  31.0\V 

5  2  .9W 

7  now 

6  50  6\V 
3  09 . 1  E 

8  05.5\V 


66  52.6  N 
68  06.1  N 


66  51.8  N 
66  52.0  N 

66  57.7  N 

66  01. 2  N" 


64  18.4  N 

64  41.2  N 
64  43.2  N 

63  06.2  N 


11  49  1\V 

15  29  4\V 

ft  1.S  5\V 


60  09.0  N 
74  44  5  N 
56  51.1  N 

56  11.7  N 

56  12  4  N 

57  37.6  N 

58  25.0  N 
70  55.4  N 


c.  g.  s. 
.18389 

.17842 


18456 
18449 

18416 

18989 


.  19690 
.  19680 

20633 


20995 
20966 
20945 
20917 

22113 

15839 

25217 

24171 
24150 

23301 

23075 

19118 


c.   g.  5. 
. 43065 

.44385 


.43192 

.43183 

. 43305 


.41629 
.41669 

40676 


38533 

58065 

37612 

36099 
36084 

36754 

37538 

55285 


'Means  of  2  absolute  values  monthly. 

'Mean  of  2  to  4  absolute  values  each  month  for  10  months,  January  to  October. 
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Declina- 

Inclina- 

Intensity 

Observator\' 

Lati- 

Longi- 
tude 

\'ear 

tion 

tion 

tude 

{D) 

(/) 

Hor.  (H) 

Yer.  (Z) 

0     / 

c    , 

O           1 

c    / 

c.  g.  s. 

c.  g.  s. 

San  Miguel*.  . 

37  46  N 

25  39\V 

1913 

19  53. 2W 

60  49.5  N 

.  23059 

41283 

(Ponta 

1914 

10  49. 4W 

60  46.2  N 

.  23063 

.41216 

Delgada) 

1915 

19  53. 2W 

60  49.5  N 

.23059 

.41282 

1916 

19  42.  7W 

60  39.1  N 

.23072 

.41033 

1917 

19  39.  2W 

60  36.4  N 

.23088 

.40986 

1918 

19  34.  IW 

60  32 . 7  N 

. 23090 

.40886 

1919 

19  30. 4W 

60  29.5  N 

.23105 

.40824 

1920 

19  24.9\V 

60  26.0  N 

.23123 

.40759 

San  Fernando 

36  m  N 

6  12  W 

1919 

14  08. 5W 

53  44.6N9 

.25012 

Kakioka 

36  14  N 

140  HE 

1914 

5  12.9\V 

49  29.8  N 

. 29783 

. 34868 

Tsingtau'". .  .  . 

36  04  N 

120  19  E 

1916 

4  04.  7W 

52  07.1  N 

.30842 

. 39644 

1917 

4  07. OW 

52  06.1  N 

.30851 

.39631 

1918 

4  08.  2W 

52  06.9  N 

.30827 

.39621 

1919 

4  09. 9W 

52  07.4  N 

.30812 

.39613 

1920 

4  12. 9W 

52  07.0  N 

.30817 

.39610 

Tucson 

il   15  N 

110  SOW 

1919 

13  47. 8E 

59  27.0  N 

.26940 

.45644 

1920 

13  48.0  E 

59  27.6  N 

.26910 

.45611 

Lukiapang.  .  . 

31  10  N 

121  02  E 

1915 

3  13. 2W 

45  32 . 1  N 

.33212 

. 33839 

1916 

3  16.  OW 

45  31.9  N 

.33201 

. 33823 

1917 

3  17.8W 

45  31.5  N 

.33201 

.33815 

1918 

3  18.8W 

45  31.0  N 

.33212 

.33817 

Dehra  Dun. .  . 

30  19  N 

78  03  E 

1920 

1  52. OE 

44  59.9  N 

.32951 

. 32949 

Helwan 

29  52  N 

31  20  E 

1914 
1915 

2  09.  2W 
2  03. OW 

40  50.9  N 
40  54.8  N 

.30016 
.30012 

. 25954 

. 26009 

1916 

1  53.  7W 

40  57.5  N 

.29985 

.26026 

1917 

1  45.  7W 

41  01.9x\ 

. 29963 

.26076 

Hongkong".. . 

11   18  N 

114  10  E 

1912 

0  04. 5W 

30  56.3  N 

.37206 

.22302 

1913 

0  06.  5W 

30  53.7  N 

.37166 

.22239 

1914 

0  08. 8W 

30  53.5  N 

.37184 

.22247 

1915 

0  11.7W 

30  52.2  N 

.37166 

.22217 

1916 

0  13. 8W 

30  51.8  N 

.37144 

.22198 

1917 

0  16.  3W 

30  50.4  N 

.37155 

.22183 

1918 

0  18.0W 

30  48.3  N 

.37151 

.22150 

1919 

0  19. 8W 

30  47.5  N 

.37158 

.22143 

1920 

0  20.  7W 

30  46.4  N 

.37174 

.22137 

1921'- 

0  19.8W 

30  45.8  N 

.37295 

.22199 

>Means  of  absolute  values  as  follows,  the  first  figure  indicating  D  and  the  second  figure  /  and 
//observations:  1913,  49  and  41;  1914,  37  and  32;  1915,  18  and  12;  1916,  35  and  35;  1917,44 
and  44;  1918,  35  and  35;  1919,  44  and  44;  1920,  28  and  28. 

•This  value  is  the  mean  resulting  from  absolute  observations  with  dip  circle  and  two  needles, 
the  individual  results  showing  great  and  irregular  differences. 

'"Values  are  means  from  all  hourly  values. 

"Values  as  finally  adopted  and  differing  in  intensity  from  those  previously  published  because 
of  changes  in  distribution-coefficient. 

"Absolute- values  at  new  hut  for  November  and  December  only;  to  refer  values  in  new  hut  to 
those  in  the  old  hut  the  following  corrections  must  be  applied:  D,  4-3'.0;  /,  — 0'.8;  H,  —0.00105; 
Z,  -0.00074. 
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Observatory 


Lati- 
tude 


l^ongi- 
tude 


Year 


Declina- 
tion 


[nclina- 
tion 

(/) 


Intensity 
Hor.  {H)   Ver.  (Z) 


Honolulu 
Toungoo. 
Alibag. .  . 


Vieques. . 
Antipole. 


Kodaikanal.. 

Batavia- 
Buitcnzorg 

St.  Paul  de 
Loau'la.  .  . 

Apia'' 

Tananari'.o. . 

Mauritius. .  . 

Watheroo.  .  . 

Pilar 

Toolangi .... 
Christ  church' 


-N.  ^'ear's  Isl  . 
Orcadas'*.  .  .  . 


21  19  N 

18  56  N 
18  38  N 

18  09  N 

14  36  N 

10  1-1  X 

6  11  S 

8  48S 
13  48  S 
18  55  S 
20  06  S 

30  18  S 

31  40  S 
37  n  S 
43  M  S 


54  39  S 
60  43  S 


o 

' 

158 

04W 

1920 

96 

27  K 

1920 

12 

52  E 

1920 
1921 

65 

27W 

loio 

1920 

121 

10  K 

1917 
1918 

77 

m  K 

1920 

106 

49  E 

1916 

13 

13  E 

1910 

171 

46W 

1921 

47 

32  E 

1914 

57 

33  E 

1919 

1020 

115 

53  E 

1921'^ 

63 

53W 

1918 

145 

28  E 

1920 

172 

37  E 

1902 
1903 
1904 
1905 
1910 
1913 
1914 
1920 

64 

()«)W 

1916 

44 

47\V 

1912 

9  53 , 2  E 

0  23 . 7  E 

0  20.2  E 
0  15.9  E 

3  39. 9W 
3  46.1\\ 

0  35 . 9  E 

0  35.5  E 

1  49.9\V 
0  46 . 0  E 


39  25 . 1  N 

23  07 . 7  N 

24  54.7  N 
24  59.5  N 

51  17.7  N 
51  22.7  X 

16  07.7  X 
15  05. OX 

4  36  1  X 

31  38.4  S 


16  12 

10  10 

8  1$ 

10  10 
10  20 

4  22 

8  05 

8  00 

16  15 
16  IS. 
16  21  . 
16  25. 
16  37. 
16  44 

16  44 

17  01 

16  02. 
4  46 


3\V 

7E 

2\V 

4\V 
3W 

6W 

5  E 

8  E 

1  E 

3  E 
8E 
4E 
6E 
(IE 
8  E 
7  E 

4  E 

5  E 


32 . 2  S 

03 . 8  S 

37.9  S 

42 . 8  S 
40.1  S 

57.7  S 
39  5  S 
55.1  S 

40.8  S 

42 . 3  S 

44.1  S 
45 . 8  S 
54.8  S 

58.2  S 
59 . 8  S 
09.2  S 

39.4  S 
26.0  S 


c.  g.  s. 
.28847 

.39114 

.36922 
.36956 

.27905 
.27827 

. 38088 
.38115 

.37787 


. 36698 
.20125 

22484 

23112 
23093 

24848 

25,V)7 

22874 

226'H 
22669 
22644 
22628 
22515 
22449 
22414 
22261 

26771 

25343 


r.  g.  s. 
.23711 

. 16707 

.17147 
.17226 

.34825 
.34831 

.11014 
.10986 

. 03042 


22613 

14374 
20412 

30356 
30278 

50860 

12200 

56384 

55277 
55286 
55307 
55348 
55485 
55478 
55465 
55525 

31520 

35442 


'-'I-'ormcrly  desiRnatcd  the  Samoa  Obsfrvatory. 

"Means  of  absolute  values  rieteniiincd  weekly. 

'^Corrected  values  as  finally  published  or  values  not  previously  siven  in  Ttrr.  Mag. 

"Corrected  values  both  for  position  and  for  masnetic  elements. 


ON  THE  NON-SIMULTANEITY  OF  MAGNETIC  STORMS. 
By  Rev.  Luis  Rodes,  S.  J. 

Dr.  Bauer  in  a  study  based  chiefly  on  data  collected  by  Paris, 
reached  the  conclusion  that  "magnetic  storms  do  not  begin  at  pre- 
cisely the  same  instant  all  over  the  Earth."  The  abruptly  begin- 
ning ones,  investigated  by  him,  appeared  to  progress  more  often 
towards  the  east  than  towards  the  west,  with  a  velocity  such  that 
it  would  require,  on  the  average,  about  four  minutes  to  encircle 
the  Earth  at  the  equator.^ 

I  should  like  to  call  attention  to  the  fact  that  in  the  case  of  five 
well-defined  storms  which  occurred  subsequent  to  those  examined 
by  Bauer,  namely,  those  of  January,  February  and  May,  1919, 
March,  1920,  and  May,  1921,  I  have  found  a  simultaneous  begin- 
ning at  Tortosa  and  at  Honolulu,  which  lies  158  degrees  to  the 
west,  within  the  limits  of  measurement.  The  photographic  paper 
at  Tortosa  runs  at  the  rate  of  2.8  minutes  to  the  millimeter  and  the 
base  line  is  shown  every  hour  by  an  electric  lamp  in  connection 
with  the  astronomical  clock,  hence,  I  do  not  think  we  can  be  in 
error  by  a  minute.  The  measures  for  each  storm  were  accurately 
made  by  the  writer,  and  the  corresponding  times  of  the  beginning 
as  registered  at  the  other  stations  were  kindly  communicated  to 
me  by  Col.  E.  Lester  Jones,  director  of  the  U.  S.  Coast  and  Geodetic 
Survey,  at  Washington,  and  by  Capt.  R.  L.  Faris,  acting  director.^ 

Table  1  gives  the  times  of  beginning  of  15  storms  in  comparison 
with  the  times  registered  at  Tortosa.  The  storm  of  August  11, 
1919,  began  simultaneously  at  Lukiapang,  Tortosa  and  Porto  Rico, 
a  range  of  186  degrees  in  longitude,  while  the  other  stations  have 
apparently  registered  it  progressively  earlier. 

The  last  two  storms  (March  22,  1920,  and  May  13,  1921)  began 
very  suddenly  and  simultaneously  at  Tortosa,  Cheltenham,  Tuc- 
son, Sitka  and  Honolulu,  representing  a  range  of  171  degrees. 

'■Terr.  Mag.,  vol.  15,  1910,  pp.  221-232;  R.  L.  faris,  vol.  15.  1910,  pp.  93-105;  see  also  L.  .\. 
BAUER,  vol.  15,  1910,  pp.  9-20. 

'I  am  indebted  to  Sir  Frederic  Stupart  for  the  data  of  Agincourt;  to  Prof.  J.  M.  Baldwin  for 
those  of  Melbourne;  to  Mr.  W.  H.  CuUum  for  those  of  Tucson,  and  to  Rev.  J.  de  Moidrey  for 
information  respecting  Lukiapang. 
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It  would  seem  probable  that,  as  the  time  record  has  been  more 
accurately  kept  during  recent  years,  the  results  would  indicate  a 
simultaneous  beginning  all  over  the  Earth.  There  are,  nevertheless, 
some  cases  in  which  a  propagation  is  strongly  suspected.  In  such 
cases,  which  will  be  the  first  observatory  to  register  the  magnetic 
storm?    I  do  not  know  of  any  answer  to  this  question. 

The  author  has  tried  a  hypothesis  which  rests  to  some  extent 
on  facts.  If  a  magnetic  storm  is  due  to  the  Earth's  entering  a 
cloud  of  electrical  particles  projected  from  the  Sun,  the  case  will  be 
similar  to  that  of  the  Earth's  entering  the  Moon's  shadow  during 
an  eclipse,  and  the  storm  will  first  be  registered  at  those  observa- 
tories which  are  nearer  the  "front  meridian,"  as  I  have  designated 
the  one  which,  because  of  the  Earth's  rotation,  happens  to  be  fore- 
most in  direction  of  movement  at  the  moment  the  storm  begins. 
(See  A,  Fig.  1.)  Accordingly,  an  observatory  which  registers  the 
storm  at  six  o'clock  local  time  should  be  the  first  of  all  to  record  it; 
next  would  follow  those  nearer  to  it  on  either  side,  and  last  of  all  the 
one  at  which  the  storm  began  at  18''  local  time. 


/5 


un 


Electric     lar^tc/es 


Fl(..    1. 


As  it  docs  not  seem  possible  that  a  cloud  at  a  distance  of  150 
million  kilometers  in  free  space  has  an  effective  transversal  ve- 
locity greater  than  2  kilometers  per  second,  caused  by  the  solar 
rotation  by  which  it  was  projected,  a  rough  approximation  of  the 
time  required  for  the  Earth  to  become  involved  in  the  cloud  can  be 
easily  obtained  from  its  orbital  velocity;  this  amounts  to  about 
six  and  a  half  minutes,  a  little  longer  than  that  found  experimentally 
by  Bauer.     It  may  be  that  when  half,  or  oven  a  greater  part  of  the 
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Table  2. — Times  of  sudden  beginnings  of  magetic  storms,  1906-09. 


Date 


1906 

fill.     29 

19h 


Aug.     7 
13" 


Dec.  21 


Mag. 
E!. 


1907 
Feb.     9 
14" 


Jul.     10 
14'' 


Oct.    13 
7'' 

1908 
Mar.  26 
17'' 


.Aug.  19 
0'' 


Sept.  11 
7'' 


Sept.  1 1 
21'' 


Sept.  28 

«'' 


Sept.  29 
P' 

1909 

May  14 

4h 


Sept.  25 
SI- 


Sept.  25 
IP 


21''     H 
Z 


D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 

D 
H 
Z 


Porto 
Rico 


58.1 


37.2 


(5) 


(2) 


34.5(5) 

34.5 

33.9; 

14.3(3) 

12.8 

14.6 


24.4 
24.7 
25.6 


56.0 
57.8 
58.1 

39.3 
39.9 


31.1 
32.0 
35.3 

14.0 
13.4 
16.4 


(3) 


45.4  (i: 

42.4 

44.51 


40.5 
39.4 
43.8 


(4) 


42.3 
44.1 
47.7 

42.6 
40.2 
44.1 


10.0(4) 

14.21 

16.0 

21.7(1) 

20.8 

23.2 

49.2  (5) 

48.0 

50.7 


142.7 
141.5 
144.2 


(1) 


34.0(5) 

31.9 

34.3, 

|56.4(l) 

i54.3j 
158.4 

!      I 

39.8(1) 
37. 7| 
38.6 

.W  8(1) 

39.8 

41.0 


Chel- 
tenham 


(4) 


(2) 


(4) 


(2) 


23.6(2) 

24.2 

25.4 


(2) 


(4) 


15.0(3) 
14.4 


21.0(2) 

20.91 

23.11 

46.4(4) 

46.7 

49.1 

43.01(2) 

43.6 

46.0 


Bald- 


54.4(3) 

54.4 

55.6 


39.3 
.S8.7 
42.3 


(1) 


33.1  (3) 
32 . 5 
35.5 


15.2 
14.3 
18.2 

24.4 
22.6 
25.0 


(1) 


(1) 


41.8(3) 
43.6 


42.0 
45.8 


(3) 


14.0(2) 
14.0 


20.3(2)22.2 
20.7  20.2 
23.7        22.9 


Sitka 


55.4 
55.4 
58.4 

38.6 
37.1 
38.6 


(2) 


(3) 


29.3(1) 

26.9 

30.2 


12.3 
11.4 
12.9 

22.5 
22.2 
24.6 

40.2 
40.2 
42.6 


14.9 
14.6 
16.4 


44.5(3) 

48.1 

49.6, 


41.5 
41.2 


34.3(3)31.4 
33.4  31.4 
34.3        33.2 


57.2(1) 
57.21 


41.5 
40.9 


(2) 


42.1  (2) 
43  3 
45   1 


57.7 
56.8 
60.7 

39.3 
38.7 
42.3 


(2) 


(2) 


(2) 


(2) 


47.8 
47.5 
48.7 

42.5 
41.3 
45.5 


40  {i  (2) 

41  1 
41    1 


58.0 

53 

60 

40 

39.51 
42 


(2: 


(2) 


(4) 


(2: 


(1) 


(3) 


(2) 


(3) 


(1) 


(3) 


(3) 


39  81 


IMerid- 
Hono-  1     ian 
lulu       ahead 


54.9(1) 
54.9  , 
54.0       I 


39.9 
37.8 
39.0 


(5) 


30.3(1) 

27,3 

29.1 


10.4 
11.9 
16.4 


«)! 


21.8i(l) 

20.9 

25.8 

41.8j(5) 
41. 5| 

45. 7j 

42.4(1) 

42.3 

45.9 

I 

14.7(1) 

14.7 

18.7 

22.1(5) 

21.5 

24.5 

45.4(1) 
46.91 

48.1 

42.1  (3) 

42.4 

42.9 

30.9(1) 

30.01 

31.5, 

I 

S4.rt(5) 

53.1 

56.4 

42.71(5) 
42.7 


42.2(3)46.3(5) 


45  4 

49  0 


11  E 


7W 


9E 


8W 


8VV 


2\V 


IIW 


6E 


1\V 


9\V 


3\V 


5\V 


1  E 


3W 


Time-Differences 
(n-1) 


^lum 


+0 
+0 
+4.4 


0.0 

4-1.2 


-0.5 
-0.5 
+  1.6 


-1.5 


+5.4 
+5.9 


■0.51  +  1.2 
-1.7+0.3 
-4.4-0.9 


-0.6 
+0.5 
-0.8 

-3.1 
+0.7 
+3.2 


-0.8 
-0.6 


+0.5 

+2.5 

0.0 

-3.6 
+  1.2 


-0.3 
-0.1 


+  1.1 
+2.9 
+4.1 

-0.7 
-1.6 
-3.7 

+  1.3 
+4.9 
+5.7 

+  1.5 
-0.3 

-2.7 


+  1.3 
+3.0 
+0.2 


-5 
_2 
-1.9 


+0.2 
-2.1 
-1.8 


+3.2 


+0.6 
-0.9 
-3.3 

+4.7 
+  7.4 
+4.3 


-3.6 
-0.9 
+  1.2 

-19 
-2.9 
-2.1 


+0.2-4.8 
-0.2-0.4j 
.. ...  -1.5! 


0.71-1.4+0.51+0.4 
+0.11-0.1  -0  61+0.7 
-0  11+0.5-0.3+1  3 

+  2.41-0.9  +  1.0+3.8 
+0.61  +  1. 2-0. 21  +  1.1 
+0.6|  +  1.5l  +  l.(^+2.6 

+O.3J-I.2 
+2.1  -0.3 
+  1.8 

+0.5+3.4 
+  1.41+3.4 

+  1.71  +  2.8 

+0.9  +  1.2 
+  1.11-2.0 
+  2.3J  +  2.3 

+  1.7-0. 
+3.2I  +  I. 
+3.7|+3. 


+  1.1 

+6.1 

+  10.1 


+9.3 
+  17.7 
+  15.9 

+2.2 


-0.1 

-2.8 
-7.0 


-1.7 
-8.0 


+  1. 
+6.0 


+  2.5 


1-0.6 

-15.5 
-0.2 


+0.1 

+  1.41 

+6.3 

+2.7 
+5. 


-1.7 

-4.(j 

-5.41 
-1.2 
-IS 

-12 


6VV    +2.3  +  1 

+3.5!  +  l 
+4  1  +0  1 


Sums    +88.0  +81.4+4.3i +411  +178.9  ~^ 
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Earth,  is  immersed  in  the  electric  cloud,  induction  phenomena  are 
produced  which  ad\  ance  the  time  of  beginning  at  the  other  stations. 

The  writer  has  tried  to  ascertain  whether  this  explanation  is 
supported  by  facts  and  for  this  purpose  has  rcarrangefl  the  data 
collected  b\-  R.  L.  Paris  as  given  in  Table  2.^  To  each  station  is 
assigned  a  number  indicating  the  order  of  succession  for  the  regis- 
tration of  each  storm,  according  to  the  "front  meridian"  given  in 
the  eighth  column;  when  the  distance  of  two  stations  from  the 
"front  meridian"  was  practically  equal,  the  same  number  has  been 
gi\en  and  the  mean  of  their  distances  is  used.  In  the  ninth  column 
are  gi\en  the  differences,  second  station  minus  first,  third  minus 
first,  etc.  Now,  according  to  the  hypothesis  under  consideration, 
these  differences  should  be  positive,  and  the  results  of  Table  2  seem 
to  favor  this  conclusion  since  the  sum  of  all  the  differences  is  posi- 
tive in  each  case,  and  the  general  positive  mean  is  about  three 
times  greater  than  the  negative  one. 

In  order  to  obtain  more  definite  results  I  have  taken  only  the 
two  stations,  Cheltenham  and  Honolulu,  which  are  separated  by 
about  82  degrees  of  longitude;  the  first  column  of  Table  3  gives  the 
"front  meridian"  at  the  time  of  beginning  and  the  stations  are 


Table  3. — Comparison  of  recorded  times  of  magnetic  storms,  1906-1909, 
at  Honolulu  and  Cheltenham. 


Front 

b— a,  or 

iXIerid. 

Date 

Hour 

Honolu 

lu 

Cheltenham 

a'- 

-a 

XI    E 

1906,  Jul.    29 

h 

19 

54,6 

a 

57.3     b 

+   2.7 

m 

vn  w 

Aug.     7 

13 

38.9 

a 

40.3*  a' 

+   1.4 

IX    E 

Dec.  21 

21 

28.9 

a 

32 . 8     b 

+  3.9 

vni  w 

1907,  Feb.     9 

14 

12.9 

a 

14.6     a' 

+   1.7 

VIII  w 

Jul.     10 

14 

22.8 

a 

24.4     a' 

+   1.6 

II  \v 

Oct.    13 

7 

43.0 

b 

44.7     a 

-      1.7 

XI  w 

1908,  Mar.  26 

17 

43.5 

a 

42.3     b 

-    1.2 

VI    E 

Aug.  19 

0 

16.0 

a 

15.4*  a' 

-   0  6 

I  w 

Sept.  11 

7 

22.7 

b 

21.7     a 

+   1.0 

VIII    E 

Sept.  11 

21 

46.8 

a 

47.4     b 

+  0.6 

III  w 

Sept.  28 

8 

42.5 

b 

44.2     a 

-    17 

\    E 

Sept.  29 

1 

30.8 

a 

34.0     b 

+   i.l 

II    E 

1909,  May  14 

4 

54.5 

a' 

57.6     a 

-   3.1 

II  W 

Sept.  25 

8 

43.4* 

b 

41.9*  a 

+   1.5 

V  W 

Sept.  25 

11 

46.9 

b 

43.5     a 

+  3.4 

Sum.  .  . 

+  21.0 

-   8.3 

*In  deriving  these  quantities,  the  author  appears  to  have  used  some  method  for  supplying 
missing  data  in  Table  2. — Ed. 

•See  GIUSEPPE  GiANFRANXESCHi,  s.  J.,  "Velociti  istantanea  della  Terra,"  Roma,  Mem.  .Ace. 
Suove  Lincei,  Ser.  2,  vol.  4. 
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marked  a  or  6  (a,  a',  if  the  difference  is  negligible),  according  to  their 
distance  from  it.  Here  again  the  sum  of  the  positive  differences 
b-a  is  nearly  three  times  as  large  in  absolute  value  as  the  sum  of  a-h. 

There  are  still  some  very  conspicuous  exceptions  to  the  rule 
given,  but  the  agreement  is  close  enough  to  justify  further  investi- 
gation of  the  subject. 

It  is  also  possible  that  some  of  the  electric  clouds  are  of  cosmic 
character  and  have  their  own  velocities.  The  movement  of  the 
whole  planetary  system,  through  space  and  the  angle  which  the 
direction  of  the  instantaneous  apex*  makes  with  the  Sun-Earth 
line,  might  affect  the  results  for  such  cases.  It  would  be  very 
desirable,  were  it  possible,  to  compare  the  beginning  of  magnetic 
storms  on  different  planets,  but  as  there  is  no  hope,  for  the  present 
at  least,  of  obtaining  records  of  such  storms,  experienced  on  Jupiter 
or  on  Saturn,  for  example,  we  must  confine  our  investigations  to 
our  own  Earth,  collecting  as  many  carefully-recorded  data  as  pos- 
sible. 

Observatorio  del  Ebro, 
ToRTOSA,  Spain. 

'See  footnote  1 . 
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PROVISIONAL  SUN-SPOT  NUMBERS  FOR  JULY  TO 
SEPTEMBER,   1922.' 


Day 

July 

Aug. 

Sept. 

Day 

July 

Aug. 

Sept. 

1 

0 

0 

6 

18 

0 

0 

7 

2 

0 

0 

19 

0 

8 

3 

0 

~ 

0 

4 

0 

/ 

0 

20 

28 

0 

/ 

5 

15 

7 

0 

21 

22 

0 

8 

6 

24 

15 

0 

22 

28 

0 

7 

7 

19 

8 

6 

23 

8 

8 

29 

0 

24 

19 

17 

7 

9 

0 

25 
26 

20 
13 

0 
0 

10 

16 

0 

27 

7 

23 

7 

11 

7 

0 

0 

28 

7 

16 

7 

12 

7 

0 

29 

0 

19 

13 

0- 

0 

8 

U 

0 

0 

12 

30 

0 

14 

8 

15 

0 

31 

0 

15 

16 
17 

0 
0 

0 
0 

— 

7 

Means 

9.7 

5.3 

5.2 

'For  previous  table,  see  Terr.  Mag.,  27,  120,  1922. 


A.   WOLFER. 


EARTHQUAKE    RECORDS,    WATHEROO    MAGNETO- 
GRAMS,  NOVEMBER,  1921. 

There  was  a  record  of  an  earthquake  on  the  magnetograms  of 
the  Watheroo  Magnetic  Observatory,  Western  AustraHa,  on  No- 
\'ember  11,  1921.  The  declination  and  horizontal-intensity  traces 
showed  a  slight  broadening,  while  there  was  a  very  slight  blurring 
of  the  vertical-intensity  trace.  The  extreme  Greenwich  mean 
times  of  the  record  were  from  18^  45'"  to  19''  01"*  for  declination, 
Igh  44m  (-Q  igh  55111  foj.  horizontal  intensity,  and  18^  52'"  to  18^  59'" 
(uncertain)  for  vertical  intensity.  Mr.  Curlewis,  Gov^ernment 
Astronomer  at  Perth,  reported  the  following  times  of  phases  as  ob- 
tained on  the  seismograph:  18^  43'"  56^6,  P;  18^*  46"*  00^5,  un- 
certain; 18^*50'"  10^4,  L. 

G.  R.  Wait,  ohserver-in-charge. 
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EARTHQUAKE  RECORDS,  HUANCAYO  MAGNETOGRAMS, 
OCTOBER-NOVEMBER,  1922 
The  details  of  the  records,  as  measured  on  the  magnetograms 
of  the  Huancayo  Magnetic  Observatory,  Peru,  are  as  follows,  the 
times  indicated  being  Greenwich  civil  mean  time: 
1.     October  11,  1922. 


Magnetic  Element 


Declination   

Horizontal  intensity 
Vertical  intensity.  .  . 


Beginning 


End 


Maximum 
amplitude 


14  51 
14  52 
14     52 


14  55 
14  56 
14     56 


2.0 
2.5 
2.5 


This  earthquake  was  recorded  also  on  the  seismograph  of  the 
Harvard  College  Observatory,  at  Arequipa,  Peru.  Some  damage 
was  done  to  property  in  the  neighborhood  of  Arequipa,  and  a  few 
persons  were  injured. 

2.     Great  Chilean  Earthquake. 

The  Chilean  earthquake  effect  was  recorded  at  Huancayo  only 
on  the  vertical-intensity  magnctogram,  the  effect  beginning  at 
G.  M.  T.  4^'  35"^  and  ending  at  5*^  15™,  November  11,  1922;  the 
maximum  amplitude  of  the  effect  was  about  1.0  mm.  at  4*'  45"". 

W.  F.  Wallis,  observer-in-charge. 


COMMENTS  ON  WEINBERG'S  SUGGESTIONS  FOR 
FIELD  WORK. 

Concluded  from  page  156. 
and  it  has  frequently  happened  that  determinations  of  the  three 
elements  have  been  made  within  an  hour's  time.  In  every  case, 
however,  when  partial  obserxalions  are  made'  because  of  scant  time 
available,  the  constancy  of  the  magnetic  moment  for  the  mag- 
netometer-magnet and  of  the  relative  constants  invoKcd  in  the 
total-intensity  observations  are  controlled  by  complete  sets  of 
observations  at  preceding  and  succeeding  stations. 

As  regards  the  matter  of  tiniing  of  oscillations,  the  half-second 
pocket  chronometer  has  been  found  sufficiently  reliable  in  our  field 
practice.  Several  attempts  have  been  made  to  use  stop  watches 
for  such  work,  but  without  very  satisfactory  results.  The  sug- 
gestion that  the  determination  of  plane  of  detorsion  be  omitted  is 
subject  to  criticism  since  such  procedure  would  introduce  a  great 
element  of  uncertainty  in  the  determination  as,  for  example,  the 
accidental  accumulation  of  180°  or  360°  of  torsion  through  rotation 
of  the  suspension  stirrup.  It  seems  inadvisable  also  to  use  shorter 
or  coarser  suspensions  for  magnetometers  in  declination  work  since 
it  has  been  found  in  actual  experience  that  observers  may  use  for 
periods  of  from  one  to  two  years  in  the  field  the  same  light-weight 
fiber  with  a  torsion  effect  which  is  small. 


INVESTIGATION  OF  LOCAL  MAGNETIC  DISTURBANCES 

AT  PORT  SNETTISHAM,  ALASKA. 

By  N.  H.  Heck. 

The  United  States  Coast  and  Geodetic  Survey  is  now  carrying 
on  its  work  in  Alaska  primarily  by  large  parties,  each  using  a  vessel 
and  several  large  launches  to  carry  on  all  the  operations  necessary 
to  a  complete  survey.  The  magnetic  work  included  is  at  present 
confined  to  compass-declinometer  observations  on  shore  and  to 
declination  observations  aboard  ship  made  chiefly  in  areas  of  local 
disturbances. 

The  adoption  of  steel  vessels  on  the  one  hand  and  the  \astly 
more  satisfactory  observations  obtained  on  a  non-magnetic  vessel 
such  as  the  Carnegie,  however,  have  made  the  continuance  of  ob- 
servations on  the  Coast  and  Geodetic  Survey  vessels  of  doubtful 
desirability,  except  in  special  cases. 

Areas  of  local  disturbances  may  be  known  from  pre\ious  sur- 
veys, or  as  the  result  of  obtaining  compass-declinometer  observa- 
tions at  triangulation  stations  along  the  shores  at  an  average 
distance  of  about  two  miles. 

The  area  of  Port  Snettisham,  Alaska,  was  known  to  be  highly 
disturbed,  but  no  detailed  facts  were  available.  Recent  com- 
mercial developments,  which  required  large  vessels  to  enter  this 
port,  made  a  magnetic  sur\^ey  of  considerable  importance.  The 
diagram  (Fig.  1)  brings  out  the  results  of  the  survey,  though  it 
fails  to  show  that  observations  were  made  at  34  shore  stations  and 
111  sea  stations  by  the  party  on  the  United  States  Coast  Sur^•ey 
Steamer  Explorer.  The  depth  of  water  is  shown  in  feet.  Reference 
to  the  scale  of  statute  miles  indicates  the  considerable  extent  of  this 
area.  The  curves  shown  represent  the  departure  of  the  declination 
from  the  normal  values,  the  plus  sign  indicating  easterly  and  the 
minus  sign  westerly  departures. 

Unfortunately,  owing  to  the  lack  of  time  and  the  dense  forest, 
it  was  impossible  to  in\estigate  the  existence  of  a  local  magnetic 
pole.  The  outstanding  feature  in  this  case  is  the  extension  of  great 
local  disturbance  into  areas  of  great  depths.  It  will  be  noted  that 
the  20°  curve  extends  ^-4  of  a  mile  from  the  shore  into  a  maximum 
depth  of  772  feet. 

The  methods  used  in  making  the  survey  are  of  particular  in- 
terest; the  standard  practice  of  the  Coast  and  Geodetic  Survey  in 
hydrographic  work  was  followed.  Plane  table  triangulation  was 
extended  from  the  entrance  of  Port  Snettisham  to  the  shore  indi- 
cated on  the  eastern  side  of  the  diagram  and  also  into  the  south 
arm.  Stations  were  temporarily  marked  by  small  signals  and 
white-wash  on  the  rocks;  intermediate  points  were  marked  by 
white-wash  or  small  flags,  but  no  signals  were  built,  in  order  to 
avoid  confusion. 
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Each  shore  station  was  occupied  with  compass  dechnometer, 
the  true  azimuth  of  some  other  station  being  obtained  from  the 
results  of  the  plane  table  triangulation.  It  was  found  necessary, 
owing  to  the  rapid  change  in  the  dip,  to  shift  the  balancing  weight 
on  the  south  arm  of  the  compass  needle  at  nearly  every  station. 

The  methods  used  aboard  ship  were  adapted  to  getting  rapid 
observations.  A  system  of  lines  was  run  just  as  in  hydrography, 
the  vessel  proceeding  at  a  speed  of  about  six  miles  an  hour.  As  the 
compass  could  not  be  used  for  keeping  the  vessel  to  its  path,  the 
method  of  steering  for  a  point  ahead  on  the  land  was  adopted. 
Three-point  fixes  were  taken  at  two  or  three-minute  intervals,  ac- 
cording to  conditions.  These  were  followed  immediatch'  by  taking 
the  compass  bearing  of  one  of  the  shore  stations,  preferably  one 
nearly  ahead  or  astern.  The  ship's  head  by  compass  was  noted 
at  the  sarne  instant.  As  the  observers  were  skilled,  the  whole 
observations  were  practically  simultaneous;  the  three-point  fixes 
were  plotted  to  direct  the  course  of  the  vessel,  but  no  effort  was  made 
to  measure  the  azimuth  until  later. 


Fig.   1. — ARE.\    07    M.'VRKED    LOCAL    DI.>>TCRBANCE    AT    PORT    SNETTISHAM,   ALASKA, 
ABOUT    50   MILES   SOUTH    OF   JUNEAU. 

(The  heavy  broken  line  is  path  of  vessel  following  mid-channel  compass 
course,  if  there  were  no  local  disturbance.  The  heavy  Ime  is  path  taken  by  the 
same  vessel  steering  in  the  same  compass  course  as  on  entering.) 

Tin-  compass  devialions  were  obtaiiud  tiom  swings  in  an  un- 
disturbed region;  they  were  comparatively  small,  but  were  used  to 
correct  all  compass  bearings.  .Ml  crossings  check  within  half  a 
degree,  even  where  the  amount  of  disturbance  was  considerable, 
riu-  behavior  of  the  compa.ss  on  a  close  inshore  line  parallelling  the 
south  shori-  i>  of  great   iiilcrcsl.      In  proceeding  from   the  entrance 
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to  Port  Snettishani,  the  compeiss  was  first  aiiectcd  at  a  distance  of 
al)out  three  miles  from  Sentinel  Point;  it  gradually  swung  to  the 
eastward  of  magnetic  north  until  it  pointed  41°  east  of  magnetic 
north,  it  then  suddenly  spun  around  to  a  position  15°  west  of  mag- 
netic north,  and  then  gradually  came  back  to  normal. 

This  is  by  no  means  the  first  investigation  of  such  an  area. 
Another  notable  instance  is  that  at  Douglas  Island,  near  Juneau, 
where  Dr.  L.  A.  Bauer  in  1907  found  a  local  magnetic  pole.  The 
investigations  of  H.  M.  S.  Pengmn^  were  of  a  similar  character, 
though  the  disturbed  area  was  entirely  submerged  and  the  area 
was  less.  An  investigation  of  a  similar  character  to  that  described 
has  been  recently  made  in  Chilkat  and  Chilkoot  Inlets,  Lynn  Canal, 
Alaska,  but  the  results  are  not  yet  available. 

The  geological  character  of  a  region  of  such  marked  inagnetic 
disturbance,  as  the  one  at  Port  Snettisham,  is  of  great  interest,  es- 
pecially since  the  area  involved  is  by  no  means  small.  It  is  esti- 
mated that  the  disturbance  is  strong  over  an  area  of  eight  square 
miles  of  land  and  water,  and  is  felt  over  an  area  of  20  square  miles. 
Rocks  along  the  shore  indicate  the  presence  of  considerable  mag- 
netite. In  view  of  the  fact  that  the  local  magnetic  pole  on  Douglas 
Island  is  not  far  from  the  well-known  Treadwell  gold  mine,  it  may 
be  of  some  interest  to  point  out  that  there  are  also  gold  mines  in  the 
vicinity  of  Port  Snettisham.  An  extended  investigation  would 
probably  be  necessary  to  determine  the  exact  manner  in  which  the 
iron  appears  and  whether  there  are  deposits  of  commercial  \alue. 

U.  S.  Coast  and  Geodetic  Survey, 

Division  of  Terrestrial  Magnetism. 

'London,  Phil.  Trans.  R.  Soc,  A,  v.  187,  1896  (34.S-381). 
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22.      Principal   Magnetic   Storms   at   Cheltenham    Magnetic   Observatory,   July  to 

December,  1922.' 

■Communicated  by  E.  Lester  Jones,  director,  U.  S.  Coast  and  Geodetic  Survey:  Geo.  HartneU, 
observer-in-charge;  Lat.  38^  44'. 0  N;  Long.  76'  50'.5,  or  5  h  07.>"4  west  of  Greenwich. 


Greenwich  Mean  Time 

Range 

Beginning 

Ending 

Decl'n 

Hor'l  Int. 

X'ert'l  Int. 

Sept.  13,      3     24 
Oct.     5,      2      .  . 

h        ni 

Sept.  15,      5 
Oct.       7,     .-      .  . 

30.4 

32.5 

179      . 
193 

2.^2 
92 

23.  Erratum,  General  Report  of  Rome  Meeting,  International  Section  of 
Terrestrial  Magnetism  and  Electricity. — In  the  French  translation  of  Resolution 
4,  as  given  on  p.  99  of  Terr.  Mag.,  vol.  27,  or  on  p.  11  of  "Bulletin  No.  2,"  9  im- 
portant concluding  words  were  omitted.    The  resolution  should  read: 

«  4.     Que  les  Comites  Nationaux  soient  pries  de  designer,  s'il  est  possilile,  un 
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observatoire  central  pour  leurs  pays  respectifs,  charge  des  comparaisons  Inter- 
nationales des  instruments  magnetiques,  et  d'  assurer  dans  leurs  propres  pays  une 
comparaison  des  instruments  magnetiques  au  moins  une  fois  tous  les  trois  ans. 

24.  Second  Pan-Pacific  Scientific  Congress  and  the  Australian  National 
Research  Council. — The  Australian  National  Research  Council  has  fixed  the  date 
of  the  Second  Pan-Pacific  Scientific  Congress  as  .-Vugust  13  to  September  3,  1923. 
The  first  session  is  to  be  held  at  the  University  of  Melbourne,  and  the  second 
session  (August  21  to  September  3),  at  the  University  of  Sydney.  Excursions 
are  planned  as  part  of  the  congress  program  and,  after  adjournment  of  the  formal 
meeting,  there  will  be  opportunities  for  visits  to  other  parts  of  the  continent. 
The  Australian  Federal  Government  has  made  a  liberal  grant  for  meeting  the 
necessary  expenses.  We  regret  to  learn  that,  owing  to  a  severe  illness  arising 
from  a  wound  received  during  the  war  in  France,  Sir  T.  W.  Ed^eworth  David  has 
resigned  his  position  as  president  of  the  Australian  National  Research  Council. 
His  place,  however,  has  been  ably  filled  by  the  election  of  Dr.  Orme  Masson, 
professor  of  chemistry  in  the  University  of  Melbourne.  Professor  David  con- 
tinues to  serve  the  council  as  vice-president. 

25.  Amundsen  Arctic  Expedition,  1922. — According  to  information  re- 
ceived from  the  Chief  of  the  United  States  Weather  Bureau,  Professor  C.  F. 
Marvin,  wireless  reports  of  meteorological  observations  made  aboard  the  Maud 
came  intermittently  until  August  17,  then  nothing  was  received  until  September 
28,  1922,  when  ten  reports  came  in;  nothing  has  been  received  since  then.  The 
geographic  position  of  the  Maud  when  the  last  report  was  received  (September  28) 
was:  Latitude,  73°N..  longitude,  176''W.,  hence,  about  100  miles  north  of  Wrangell 
Island.  According  to  newspaper  reports,  Captain  Amundsen  arrived  on  De- 
cember 1-1,  by  dog-team,  at  Nome,  Alaska,  from  Wainwright,  near  Point  Barrow, 
where  he  is  wintering.  [As  the  Journal  is  passing  through  the  press,  a  wireless 
message  of  December  15  has  been  received  via  the  radio  station  at  Spitsbergen 
from  Capt.  Wisting,  aboard  the  Maud,  in  lat.  73°  20'  N.,  long.  173°  W.  (?  E.).) 

26.  Personalia. — ^  Prof .  G.  Ilelbnann  has  retired  from  the  post  of  di- 
rector of  the  Prussian  Meteorological  Institute,  which  he  had  filled  so  suc- 
cessfully since  von  Bezoid's  death.  Dr.  E.  Marsden  has  resigned  his  professorship 
of  physics  in  the  X'ictoria  University  College  at  Wellington,  in  order  to  accept 
the  post  of  Assistant  Director  of  Education  in  the  New  Zealand  government 
service.  Dr.  Robert  .1.  Millikan  has  been  appointed  a  member  of  the  Committee 
on  Intellectual  Cooperation  of  the  League  of  Nations  to  succeed  Dr.  George  E. 
Hale,  who  has  resigned  from  the  committee.  A  royal  medal  has  been  awarded 
by  the  Royal  Society  of  London  to  C.  T.  R.  Wilson  for  his  researches  on  the  con- 
densation nuclei  and  atmospheric  electricity.  The  Paris  Academy  of  Sciences 
awarded  the  Janssen  medal  to  Carl  Stormer  for  his  investigations  of  the  aurora. 
We  regret  to  record  the  dtath,  on  September  27,  of  Prof.  C.  Michie  Smith,  govern- 
ment astronomer  of  Madras,  1891-1911,  and  director  of  tin-  Kodaikanal  and 
Madras  Observatories,  1899-1911. 
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CHIEF  RESULTS  OF  A  PRELIMINARY  ANALYSIS  OF  THE 
EARTH'S  MAGNETIC  FIELD  FOR  1922— No.  L 

By  Louis  A.  Bauer. 

Abstract. — From  a  new  analysis  of  the  Earth's  magnetic  field  for  1922,  made 
as  free  as  possible  without  assumptions  as  to  the  composing  systems  and  restricted 
to  the  region  of  the  Earth  (86  per  cent),  from  60°N  to  60°S,  the  author  concludes 
that  for  a  satisfactory  representation  of  the  observed  data  it  is  necessary  to 
recognize  the  existence  of  an  internal  magnetic  system,  /,  an  external  system,  E, 
and  a  non-potential  system,  N,  or  of  three  equivalent  systems,  X,  Y,  Z.  The 
system  /  constitutes  about  94  per  cent  of  the  total  field,  and  E  and  N  each  about 
half  of  the  balance  of  6  per  cent. 

He  shows  that  the  magnetic  secular  variation  system  is  as  complex  as  the 
Earth's  total  magnetic  field  existing  at  any  one  time,  and  that  in  addition  to 
changes  in  the  direction  of  magnetization  with  the  lapse  of  time  there  is  also  a 
change  in  the  average  equivalent  intensity  of  magnetization.  The  latter  quantity 
has  been  steadily  diminishing  during  the  past  80  years  at  the  average  annual  rate 
of  about  1   1,500  part. 

For  further  statement  of  results,  reference  may  be  made  to  the  "Summary  of 
Chief  Conclusions"  at  the  close  of  the  paper. 

Zonal  Harmonics  and  Uniform  Magnetic  Field, 
introduction. 
\.  A  new  analysis  of  the  Earth's  magnetic  field  has  been  in 
course  of  preparation  since  1912,  but  various  interruptions,  caused 
chiefly  by  the  World  War  and  the  desire  to  obtain  additional  mag- 
netic data  for  checking  results  already  obtained  in  1912  and  before, 
have  led  to  postponement  of  publication.  The  main  purpose  was 
to  obtain  the  necessary  facts  for  preliminary  studies  and  discussions 
of  the  outstanding,  greater  problems  of  the  Earth's  magnetic  and 
electric  phenomena,  and  help  to  decide  in  what  localities  of  the 
Earth  it  was  desirable  to  intensify  the  field  work  in  progress,  and 
what  additional  allied  scientific  data  should  be  included  in  the  ob- 
serx^ational  program.  The  studies  thus  far  have  indicated  that 
there  are  such  intimate  relationships  between  the  phenomena  of 
terrestrial  magnetism,  earth  currents,  polar  lights,  atmospheric 
1  1 
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electricity,  ixnd  solar  activity  as  to  make  combined  treatment  at 
times  highly  advantageous;  several  papers  of  this  character  have 
already  been  published  by  the  author. 

2.  Naturally,  as  progress  was  made,  and  additional  in\-estiga- 
tional  data  became  available,  some  of  the  conclusions  previously 
reached  in  two  series  of  papers^  have  been  in  part  superseded  and 
in  part  modified  by  the  results  of  the  later  investigations.  In  the 
main,  howe\'er,  the  chief  conclusions  have  been  confirmed  \)y  the 
results  in  this  paper,  as  will  be  indicated  elsewhere. 

The  opinion,  which  I  have  several  times  expressed,  that  it  was 
doubtful  whether  we  should  ever  be  al)le  to  solve  the  problem  as  to 
the  origin  of  terrestrial  magnetism  until  we  had  found  out  what 
causes  the  Earth's  magnetism  to  vary,  has  been  strengthened  by 
the  subsequent  studies.  It  would  also  seem  safe  to  conclude  that 
the  problem  of  the  origin  and  maintenance  of  the  Karth's  electric 
charge  will  find  its  surest  approach  to  a  solution  by  means  of  the 
striking  variations,  geographical,  daily,  annual,  sun-spot,  etc.,  to 
which  atmospheric-electric  phenomena  are  subject. 

3.  To  satisfy  practical  demands,  the  Department  of  Terrestrial 
Magnetism  has  always  made  a  special  endeavor  to  supply  promptly 
its  latest  magnetic  data  to  the  leading  hydrographic  establishments 
and  other  interested  organizations.  Our  ocean  data,  for  example, 
not  infrequently  have  been  at  the  disposal  of  establishments  issuing 
magnetic  charts,  within  three  or  four  months  after  the  obser\ational 
work  has  actually  been  done.  F'or  the  most  recent  world  magnetic 
charts,  those  for  1922,  by  the  British  Admiralty,  there  were  made 
available  to  the  Greenwich  Obser\ator\-,  which  has  charge  of  the 
construction  of  these  charts,  the  results  of  the  cruises  of  the"  Car- 
negie" through  November,  1921.  These  charts  may  be  regarded 
probably  as  a  close  approximation  to  the  world  magnetic  charts, 
which  the  I^cpartment  of  Terrestrial  Magnetism  itself  has  in  prepa- 
ration and  in  which  an  attempt  at  complete  and  accurate  reduction 
of  the  observed  magnetic  data  will  be  made.  During  1922  and 
1923  the  Department  of  Terrestrial  Magnetism  has  reoccupied  a 
large  number  of  its  stations,  established  in  prexious  years  in  all 
parts  of  the  Karth.  Thus  we  now  possess  more  complete  knowledge 
of  secular  magnetic  changes  than  was  a\ailable  to  the  Cireenwich 
Observatory  for  the  1922  charts. 

Howexer,  the  1922  magnetic  charts  of  tln^  British  .XdmiraltN-  and 

'Physical  Decomposition  of  the  Earth's  Maunctic  Field,  Terr.  Miig.,  I.H'><»-1<)()^,  and  I'hysical 
Theory  of  the  Karth"s  Magnetic  and  Electric  Phenomena,  Terr.  Man.,  1910-1912. 
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the  1920  magnetic  charts  of  the  L'nitcd  States  Hydrographic  Office 
may  be  regarded  as  the  most  correct  charts  heretofore  a\aihil:)le  for 
an  anahsis  of  the  Earth's  magnetic  field.  Hence,  in  continuation 
of  our  preparatory  studies,  it  was  thought  highly  desirable  to  under- 
take a  preliminary  anah'sis,  with  all  possible  requisite  rigor,  using 
the  magnetic  data,  chiefly  for  1922,  derived  from  these  charts,  with 
such  corrections  applied  as  were  indicated  by  more  recent  observa- 
tions. The  immediate  stimulus  to  bring  to  preliminary  conclusion, 
at  least,  a  new  analysis  of  the  Earth's  magnetic  field  was  the  prepa- 
ration of  a  lecture  entitled  "The  Greater  Problems  of  the  Earth's 
Magnetism  and  their  Bearings  on  .Asfonomy,  Geology,  and 
Physics,"  delixered  at  the  Carnegie  Institution  of  Washington  on 
November  21,  1922.  In  that  lecture  the  chief  facts  disclosed  by  the 
new  analysis  were  announced,  as  also  some  later  results  at  the 
Boston  meetings,  last  December,  of  the  American  Physical  Society 
and  the  American  Astronomical  Society.  (See  abstracts.  Physical 
Revieiu,  March.  1923,  pp.  370-371  and  388;  also  Popular  Astronomy, 
March  1923.  p.  186.) 

4.  The  analysis  has  been  made  as  free  as  possible  from  assump- 
tions regarding  the  actual  constitution  of  the  Earth's  magnetic 
field,  and  has  been  restricted,  for  the  present,  to  the  region  between 
parallels  60°X  and  60°S,  which  embraces  86  per  cent  of  the 
Earth's  total  surface.  Before  the  polar  caps  may  be  safeh"  included 
in  the  analysis  it  will  be  necessary  to  examine  carefully  the  available 
magnetic  data  for  these  regions  and  e\en,  possibly,  await  additional 
data.  There  is  evidence  that  the  Gaussian  coefficients,  defining  the 
Earth's  magnetic  field,  are  to  he  regarded  at  first  as  purely  empirical 
quantities  and,  hence,  strictly  applicable  only  to  the  region  of  the  Earth 
from  which  they  ivere  derived.  It  is  believed,  howe\er,  that  the  sub- 
sequent inclusion  of  the  polar  caps  will  not  materially  alter  the  main 
conclusions  drawn  in  this  paper. 

The  spherical  harmonic  expansion  was  carried  to  the  sixth 
harmonic,  and,  in  soine  cases,  to  the  seventh;  a  separate  series  for 
each  of  the  three  rectangular  components,  A^  (positi\e  towards 
geographic  north),  Y  (positive  towards  geographic  east),  and  Z 
(positive  towards  nadir),  was  established,  and  the  Earth  was  treated 
as  a  spheroid  of  revolution.  In  order  to  get  results  strictly  com- 
parable with  those  obtained  b}-  Adolf  Schmidt  for  1885.  whose 
analysis  also  applied  to  the  region  60°X  to  60°S,  his  general  method 
of  mathematical  analysis  was  adopted  for  our  preliminary  compu- 
tations,   though    some   modifications    ha\e   suggested    themselves, 
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which  may  be  advantageously  incorporated  in  the  final  analysis. 
Further  details  will  be  reserved  for  the  more  extended  publication. 
The  magnetic  data  utilized  apply  in  general  to  longitude  intervals 
of  10°  and  latitude  intervals  of  5°.  Before  passing  to  the  results, 
which,  in  the  nature  of  the  case,  are  to  be  regarded  as  preliminary  and 
subject  to  minor  modifications  when  the  final  analysis  has  been  com- 
pleted, acknowledgement  should  be  made  of  the  very  effective  and 
devoted  assistance  received  in  the  computational  work  from  Messrs. 
W.  J.  Peters,  C.  R.  Duvall,  C.  C.  Ennis,  and  Miss  PZmma  L.  Tib- 
betts,  all  of  the  staff  of  the  Department  of  Terrestrial  Magnetism. 

earth's  magnktic  field  symmetrical  about  axis  of  rotation. 

5.  Let  us  consider  first  only  that  portion  of  the  Earth's  mag- 
netic field,  symmetrical  about  the  axis  of  rotation  of  the  P2arth, 
in  brief,  that  portion  which  may  be  represented  by  zonal  harmonics. 
Throughout  this  paper  the  coefficients,  g,  h,  will  be  regarded  as 
applying  to  Gauss's  "P"  functions,  and  the  coefficients  y,  rj,  to 
Schmidt's  "i?"  functions,  and,  in  general,  the  same  notation  will  be 
followed  as  in  previous  papers.' 

Table  1  contains  the  zonal  coefficients  corresponding  to  the  six 
harmonics  used  in  the  expansion  and  for  four  epochs,  1842-1922,  all 
computed  anew;  taking  the  PZarth  as  a  spheroid  of  revolution,  except 
the  1885  quantities  which  were  derived  from  Schmidt's  calculations. 
If  Xa  and  Za  represent,  respectively,  the  average  values  of  the  -Y's 
and  Z's,  at  equidistant  intervals  of  longitude  along  a  parallel  of 
latitude,  then  two  harmonic  series  were  separately  established  to 
represent,  respectively,  the  variations  of  Xa  and  of  Za  from  parallel 
to  parallel  for  the  region  60°N  to  60°S.  Next  the  separation  into  an 
internal  field  (/)  and  external  field  (E)  was  made  according  to  the 
usual  process. 

If  u  is  the  co-latitude  and  the  Earth  be  regarded  as  uniformly 
magnetized  parallel  to  the  axis  of  rotation,  and  if  the  exponents,  i 
and  e,  refer  to  the  internal  and  external  fields,  respectively,  and  the 
Earth  be  considered  a  sphere,  then  I  he  following  simple  formulae, 
would  obtain : 

•"^'1  =  -\  .^.7;,,  sin  //;  .V;;  =  -x/.^7;„  sin  u;  X^^  =  X',  -]-Xl  ;  (1) 

K  =  -^v-^.7;«  ros  u:  Z\  =  +  n  .^.7^,  cos  u;  Z^=Z'^  ^Z^  .  (2) 

The  coefficients,  7.,o  and  7,^,  express  the  lack  of  strict  uniformity  of 
the  portion  of  the  magnetic  field  here  considered,  about  the  axis  of 

'.<cp.  for  example,  7'Tr.  Ma^.,  vol.  K  (10(U),  97-105. 
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rotation,  whereas,  the  coefficients  7,0,  7^0,  7,io  represent  the   lack  of 
uniformitN'  of  this  field  about  the  equator. 

T.XBLE  1. — Coefficients  of  zonal  portion  of  Earth's  inlertial  and  external  magnetic 
systems,  1842-1922,  derived  from  magnetic  data  for  60° N  to 
60°S,  in  units  of  the  fourth  decimal  C.  G.  S. 


CoefT. 

1842 

1880 

1885 

1922 

~      I 

E 

I 

I-: 

I               E 

I 

E 

-7)0 

-' V20 

-7bo 

'no 

'/oO 

-7go 

+  1863.0 

-  3.0 

-  31.4 

-  23.4 
+       0.5 

1.0 

+6.3 
+  1.4 
-2.7 
+  2.3 
+  1.9 
+0.2 

+  1839.9 
+     25.5 

-  36.3 

-  24.6 
+       4.8 

-  0.1 

+0.1 
-3.2 
0.0 
-4.3 
-0.7 
-0.6 

+  1832.1    +10.7 
+     23.4  1-  0.1 

-  35.4          0.0 

-  26.5     -    1.2 
+       5.1  .+  0.2 

0  6  j       0.0 

+  1759.1 
+     32.9 

-  39 . 3 

-  32.4 
+       6.6 

-  3.1 

+30.2 
+  7.9 

+  3.2 
+  4.7 
+  0.9 
+    1.4 

6.     Main  conclusions  from  Table  1.    It  will  be  seen  that: 

a.  For  the  internal  system  (/•)  there  has  been  a  steady  de- 
crease, between  1842  to  1922,  in  the  principal  coefficient,  — 7iv 
which  is  proportional  to  the  component  of  magnetizatio-n  parallel 
to  the  Earth's  axis  of  rotation. 

b.  The  largest  value  of  the  chief  coefficient,  —710-  for  the 
external  system  (£)  is  that  for  1922.  Whether  that  is  because  of 
the  greater  extent  and  accuracy  of  the  magnetic  data  for  1922,  or 
whether  the  large  changes,  shown  in  the  value  of  that  coefficient 
from  epoch  to  epoch,  represent  secular  changes,  or  sun-spot  cycle 
changes,  cannot  be  definitely  determined  at  present;  it  may  chiefly 
be  the  result  of  the  greatly  improved  ocean  data.  It  is  of  signifi- 
cance, however,  that,  in  general,  the  principal  component  of  the 
external  magnetic  system,  as  shown  by  the  quantity  (— 7,0),  js  di- 
rected in  the  same  manner,  i.  e.,  towards  the  North  Pole,  as  is  the 
corresponding  component  of  the  internal  field. 

c.  It  is  also  of  significance  that  for  the  /-system  the  values  of 
the  two  coefficients,  (—7,0)  and  (—730'*.  are  shown  to  be  of  opposite 
sign  for  each  epoch.  This  implies  that  if  we  take  the  portion  of  the 
Earth's  magnetic  field,  symmetrical  both  about  the  axis  of  rotation 
and  the  equator,  the  average  intensity  of  magnetization  increases 
svstematically  towards  the  equator  {Cf.  Terr.  Mag.,  vol.  17,  1912, 
140.) 

7.  To  obtain  a  direct  contiol  on  the  steady  decrease  in  the 
chief  component  of  magnetization,  which  is  revealed  in  Table  1, 
and  would  be  reflected  in  the  \alues  of  Xa  and  Za,  Table  2  was  pre- 
pared. The  average  annual  changes,  dXa  and  dZa,  are  the  numerical 
increases,. or  decreases,  in  the  components,  Xa  and  Za. 
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Table  2. — Average  annual  changes  in  Xa  and  Za,  1843-1922,  expressed  in  units  j 
the  fourth  decimal  C.  G.  S. 


Average  annual  change 

Region 

1842-1882             1862-1922 

1882-1922 

dXa 

d7a 

dXa 

dZa 

AXa 

dZa 

60°  N  to  10°  N 
10°  S   to  60°  S 
60°  N  to  60°  S 

+0.6 

-2.7 
-1.0 

-1.4 
-0.7 
-0.8 

-0.3 
-3.0 
-1.6 

-2.7 
-3.3 
-2.6 

-0.7 
-3.1 
-1.8 

-3.3 
-4.6 
-3.6 

From  Table  2  it  will  be  observed  that,  on  the  average  for  the 
region  60°N  to  60°S,  the  rectangular  components  Xa  and  Za  have 
numerically  diminished  during  the  eighty-year  period,  1842-1922, 
and  that  the  average  annual  decreases,  in  general,  have  been  larger  for 
the  south,  or  ivater  hemisphere,  than  for  the  north,  or  land  hemisphere. 
The  average  annual  decreases,  dXa  and  dZa,  for  the  entire  region 
60°N  to  60°S,  are  largest  for  the  40-year  period,  1882-1922;  thus 
dXa  =  —0.00018  C.  G.  S.,  or  about  0.075  per  cent  of  the  average 
Xa,  and  dZa  =  -0.00036  C.  G.  S.,  or  about  0.12  per  cent  of  the 
average  Za- 

8.  The  effect  of  the  distribution  of  land  and  water  on  the  mag- 
netic secular  change,  as  apparently  disclosed  in-  Talkie  2,  is  one  of 
extreme  theoretical  interest.  In  order  to  exhii^it  still  more  strikingly 
the  possible  effect  of  the  distribution  of  land  and  water,  the  curves 
in  Fig.  1  have  been  drawn  for  the  two  epochs  1885  and  1922. 
The  radius  vector  from  the  center  of  the  Earth,  as  origin,  to  a  point 
on  the  periphery  of  an\-  of  the  cur\-cs,  is  proportional  to  the  in- 
tensity of  magnetization  of  the  equixalent  uniform  magnetic  field 
at  that  point,  or  parallel  of  latitude.  In  other  words  we  have  in 
Fig.  1  a  graphical  representation  showing  how  the  intensity  of 
magnetization  would  have  to  vary  from  parallel  to  parallel  to 
reproduce  the  Farth's  internal  magnetic  field,  symmetrical  about 
the  axis  of  rotation,  as  represented  b\'  the  coefificients  of  the  zonal 
harmonics  of  the  I-s\stem.  j^ixen  in  Table  1. 

If.  for  example,  there  were  only  the  7,',,  term,  then  there  would 
be  a  stricth"  uniform  magnetic  field  and  the  intcnsit>'  of  magnetiza- 
tion would  be  the  same  oxer  the  entire  sphere;  this  simple  case  is 
represented  by  the  equations  for  A'^^  and  Z[  ,  contained  in  (1)  and 
(2).  and  is  graphically  represented  by  the  outer  circle  in  Fig.  1. 

Next  suppose  that  the  zonal,  or  polar,  field  is  not  only  sym- 
metrical about  the  axis  of  rotation,  but  also  about  the  equator,  i.  e., 
let  us  combine  the  \aluesof  A'a  and  Za  into  mean  values  for  corrc- 
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spending  parallels,  north  and  south  of  the  equator.  Then  the 
coefficients  —720.  "Tw  '^^^  "Tm  ""^  Table  1  drop  out  and  we  have 
a  magnetic  field  represented  by  the  zonal  coefficients,  —7,0,  —730. 
and  —750-  This  case  is  represented  in  Fig.  1  by  the  ellipses  (broken 
curves)  for  1885  and  1922;  in  other  words,  for  the  case  considered, 
whatever  are  the  agencies  responsible  for  the  resulting  magnetic 
field,  the  variation  of  the  physical  quantity  with  latitude  would 
be  represented  by  the  radius  vector  from  the  center  of  the  Earth 
to  the  surface  of  an  oblate  ellipsoid  of  revolution,  whose  shorter 
axis  is  along  the  axis  of  rotation  of  the  Earth,  and  whose  ellipticity 
would  be  about  30  times  that  of  the  Earth.  Note  that  the 
equivalent  intensit}^  of  magnetization  would  increase  systematically 
towards  the  equator,  thus  corresponding  with  our  previous  deduc- 
tion (see  sec.  6c).  Note  also  that  the  1922  ellipse  lies  inside  the  1885 
ellipse,  which  is  a  graphical  representation  of  the  shrinkage  in  the 
intensity  of  the  Earth's  magnetic  field  between  1885  and  1922, 
regarding  which  more  will  be  said  elsewhere. 


/    '"-":-/  SOUThTpolE    }.;'''' 


Fig.  1. 
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9.  Next  let  us  take  the  actual  case  as  represented  by  all  the 
zonal  /-coefficients  given  in  Table  1 .  We  then  have  an  internal 
magnetic  field,  which,  while  symmetrical,  but  not  uniform,  about 
the  axis  of  rotation,  is  not  symmetrical  about  the  equator.  We 
shall  then  get  the  heart-shaped  curves  shown  in  Fig.  1  for  1885  and 
1922.  The  pear-shaped  solid,  obtained  by  the  revolution  of  the 
heart-shaped  curve  about  the  Earth's  axis  of  rotation,  would  gi\e  a 
graphical  representation  of  the  \okime,  or  surface  distribution,  of 
the  physical  quantity  producing  the  magnetic  field  here  under 
consideration.  It  is  clear  that  no  homogeneous  spherical  iron 
core  inside  the  Earth  could  produce  such  a  magnetic  field  as  repre- 
sented by  the  zonal  coefficients  of  Table  1 .  The  portions  of  the 
curves  in  Fig.  1,  for  the  regions  of  the  Earth  north  of  parallel  60°X 
and  south  of  parallel  60°S,  are  dotted  in  order  to  indicate  that  they 
have  been  obtained  on  the  assumption  that  the  zonal  coefficients 
derived  from  the  region  60°N  to  60°S  (86  per  cent  of  the  Earth's 
surface)  also  apply  to  the  polar  areas,  which  assumption,  while 
not  strictly  correct,  may  be  sufficiently  so  for  our  general 
purpose.  Comparing  the  radii  vectores  for  corresponding  parallels 
of  latitude,  north  and  south,  it  is  seen  that  for  both  curves  (1885 
and  1922),  the  lengths,  or  corresponding  equi\alent  intensities  of 
magnetization,  are  greater  for  a  land-predominating  parallel  than 
for  an  ocean-predominating  parallel.  It  is  not  until  the  polar  areas 
are  reached  that  striking  departures  from  this  general  rule  are  ap- 
parently obscr\ed,  but,  as  a  matter  of  fact,  the  departures  in  the 
polar  areas  are  not  contradictions  to  the  general  rule.  Thus  the 
curves  in  the  Arctic,  where  oc;^^an  chiefly  predominates,  bend 
towards  the  origin,  0,  whereas  the  cur\es  for  the  Antarctic,  where 
land  is  supposed  chiefly  to  predominate,  show  elongations  away 
from  the  origin,  ().  In  other  words,  if  we  compare  the  polar  areas, 
north  and  south,  it  is  again  founfl  that  the  e(|ui\alent  intensit>'  of 
magnetization  is  greater  o\er  the  land  polar  area  than  o\er  the 
water  polar  area. 

It  will  be  seen  once  uvuv  that  liu-  1*^22  actual  ciirxc  lii>  whoiU' 
witiiin  the  1885  one,  the  radial  difference  bt-tweeu  the  t\\(»  iur\is 
giving  a  striking  grai)hical  representation  of  the  shrinkage  in 
the  Earth's  intensit>'  of  magnetization  during  the  .^7-year  period. 
And  it  should  le  particularly  noted  that  the  radial  diff^erence 
between  the  two  cur\es  is  greater,  in  general,  for  ocean-j^re- 
tlominaiing  parallels,  from  the  North  Pole  to  ilu'  South  Pole,  than 
for  land-predominating  parallels. 

We  ha\{'  also  exj^ressed  mathcmaticalK-  the  n-hitixe  (hstribution 
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of  land  and  water,  from  parallel  to  parallel,  by  means  of  zonal  har- 
monics, the  coefihcients  of  which  show  some  striking  similarities  to 
the  corresponding  magnetic  coefficients  in  Table  1.  but  this  is  a 
matter  reserved  for  exposition  in  a  future  pape*-. 

10.  To  get  some  idea  as  to  what  the  facts  just  stated  may 
signify,  let  us  recall  that  the  magnetic  field,  represented  by  the 
/  zonal  coefficients  of  Table  1,  is  that  portion  of  the  Karth's  total 
internal  magnetic  field  symmetrical  about  the  axis  of  rotation. 
There  is  not  included  that  portion  of  the  Karth's  magnetic  field 
responsible  for  the  fact  that  the  compass  needle,  in  general,  does 
not  point  exactly  north  or  south. 

If.  then,  the  distribution  of  land  and  water,  and  consequent 
distribution  of  electric  conductivity,  has  such  marked  effects,  as 
exhibited  by  Fig.  1,  then  we  may  be  forced  to  conclude  that  the 
chief  agencies  responsible  for  the  Earth's  internal  magnetic  field 
are  confined  to  a  layer  of  average  depth  of  about  two  miles  or  less. 
Hence,  the  magnetic-field  producing  agencies  may  be  comparatively 
close  to  the  surface  of  the  Farth. 

If  now  we  imagine  these  agencies  to  be  equixalent  in  their  action 
to  electric  currents  or  a  motion  of  electricity  brought  about  in  some 
manner,  relati\e  to  the  surface,  then  we  may  have  to  conclude  that 
the  deflection  of  these  equivalent  electric  currents  from  their  normal 
paths,  for  example,  along  a  parallel  of  latitude,  is  greater,  for  some 
reason,  over  ocean  areas  than  o\er  land  areas.  The  net  effect  might 
be  a  decrease  from  parallel  to  parallel  in  the  polar  component  of  the 
Earth's  magnetic  field,  let  us  call  it  Cp.  and  a  more  or  less  corre- 
sponding increase  in  the  equatorial  component,  Ce,  in  passing  from 
the  land  hemisphere  to  the  water  hemisphere.  And  this  is  what 
actually  seems  to  occur  as  shown  1)>-  the  values  of  Cp  and  Ce  for  1885,^ 

and  again  shown  for  1922.  But  the  value  of  f  =  -^  c'^  +  f ^  is  not 
constant  from  parallel  to  parallel,  as  it  should  be,  approximately  at 
least,  if  the  relati%^  distribution  of  land  and  water  simply  produced 
an  alteration  in  the  paths  of  possible  currents  circulating  within 
the  F^arth's  crust;  we  apparently  require  also  a  change  in  current 
density. 

The  foregoing  remarks  are  merely  intended  to  indicate  the 
character  of  the  conclusions  we  may  have  to  reach  with  respect  to 
the  origin  of  the  Earth's  magnetic  field.  A  more  critical  examina- 
tion of  the  possible  hypotheses  must  be  left  for  a  future  paper. 

I'/Vrr.  Mag.,  vol.  17  (1912),  p.  84.    Reference  may  be  made  also  to  some  conclusions  regarding 
the  effect  of  distribution  of  land  and  water,  drawn  by  Nippoldt  from  the  author's  1885  values  of 
f^and  f  .given  in  Terr.  Mag.,  vol.  26  (1921).  101. 
P  e 
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11.  Before  passing  to  the  next  topic  it  will  be  of  interest  to 
state  that  we  have  computed  from  the  observed  magnetic  data  for 
1922  the  equivalent  intensity  of  magnetization  for  points  at  in- 
tervals of  10°  in  longitude  and  5°  in  latitude  for  the  region  60°N  to 
60°S.  Though  our  computations  have  been  made  in  \arious  ways, 
we  do  not  find  any  reason  for  concluding,  as  has  been  done  from 
incomplete  investigation,  that  the  ocean  beds  are  more  magnetic 
than  corresponding  land  areas.  Our  results  indicate  the  converse 
fact,  namely,  that  the  average  equivalent  intensity  of  magnetization 
vver  land  areas  is  somewhat  larger  than  the  average  equivalent  intensity 
of  magnetiration  over  ocean  areas. 

12.  To  get  some  idea  of  the  magnitude  of  the  magnetic  com- 
ponents, to  be  ascribed  respectively  to  the  internal  and  external 
magnetic  fields  for  1922,  as  shown  by  the  6  coefficients  in  Table  1, 
the  values  of  X[  ,  X^  ,  and  .Y^  ha\'e  been  computed  (Table  3). 
It  will  be  seen  by  glancing  down  the  column,  A'^  ,  that  the  value  of 
this  component  from  the  external  potential  may  amount  to  10  per 
cent  of  the  corresponding  component  from  the  internal  field;  on 
the  average,  not  taking  account  of  sign,  we  have  X[  =0.2391, 
Xl  =0.0048,  and  X„  =0.2437  C.  G.  S.  Similarly,  Z[  =0.3160, 
Zl  =0.0022,  and  Z„  =0.3138.  Hence,  for  the  region  60°N  to  60°S 
the  external  field  contributes  an  .Y^  component,  which  on  the 
average  is  about  2  per  cent  of  the  total  Xa  component,  and  a 
Z  component  which,  on  the  average,  is  about  0.7  per  cent  that  of 
the  total  Za   component. 

Tahle  3. — Computed  values  of  the  average  components  along  a  parallel  of  latitude, 
Xa  and  Za,  for  1922  and  for  the  potential  systems,  internal,  external, 
and  combined,  in  units  of  the  fourth  decimal  C.  G.  S. 


Parallel 

K 

K 

x„ 

K 

K 

Za 

60  \    ' 

+  1203 

+  113 

+  1316 

+5249 

-61 

+  5188 

50  N   ; 

+  1762 

+  86 

+  1848 

+  4869 

-19 

+  4850 

40  N 

+  2318 

+  58 

+2376 

+4221 

-  4 

+4217 

30  \ 

+  27% 

+  44 

+2840 

+3314 

-  5 

+3309 

20  N 

+3133 

+  43 

+3176 

+2203 

-  6 

+2197 

10  X 

+3288 

+  45 

+3333 

+  975 

-  2 

+  973 

Kqiia. 

+  3244 

+  45 

+3289 

-  268 

+  6 

-  262 

10  S 

+3023 

+  43 

+.W66 

-1413 

+  12 

-1401 

20  S 

+  2689 

+  42 

+  2731 

-2378 

+  18 

-2360 

30  S 

+  2330 

+  42 

+2372 

-3143 

+27 

-3116 

40  S 

+  2021 

+  3.^ 

+  2054 

-3765 

+40 

-3725 

50  S 

+  1769 

+  13 

+  1782 

-4341 

+47 

-4294 

60  S 

+  1510 

-  13 

+  1497 

-4936 

+37 

-4899 

Av.   Val. 

2391 

48 

2437 

3160 

22 

31.38 

(Without 

sign) 
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It  will  be  observed  that  if  only  the  external  field  existed,  the 
north  end  of  the  compass  needle  would  still  point  to  the  \orth,  but 
the  dipping  needle  would  have  its  north-seeking  end  pointing  above 
the  horizon  in  the  North  Hemisphere  and  below  the  horizon  in  the 
South  Hemisphere,  or  just  contrary  to  the  action  of  the  internal 
magnetic  field. 

13.  Now  let  us  get  some  idea  of  the  accuracy  of  representation 
of  the  observed  values  of  Xa  and  Za  for  1922,  on  the  basis  of  various 
hypotheses,  by  tabulating  the  dilTerence  {0—C)  between  observed 

Table  4. — Differences  {0  —  C)  between  observed  and  compute  1  components,  Xa  und 

Za,  for  1922,  in  units  of  the  fourth  decimal  C.  G.  S.,  the  computed 

components  being  derived  according  to  various  hypotheses. 


All  Int'l  Pot'l  Systems 

Int'l  < 

md  Kxter 

•1  Pot'l  S\ 

stems 

Parallel 

7th  Har.  Incl. 

6th  Har.  Incl. 

7th  Har.  Incl. 

AXa 

A7.a 

AXa 

AZa 

AXa 

AZa 

0 

60  N 

-192 

-112 

-27 

-18 

—   5 

-13 

50  X 

—    /  / 

+     5 

+  16 

+  10 

+  6 

+  .4 

40  X 

+  30 

-     9 

+  14 

-15 

+  3 

-   9 

30  X 

+  122 

-    18 

-   8 

-11 

_   2 

—    / 

20  X 

+  199 

-     4 

-15 

0 

-   4 

-    1 

10  X 

+246 

+   18 

+  10 

+   7 

+   7 

+  4 

Equa. 

+  199 

-     6 

+  19 

-24 

+  6 

-24 

10  S 

+  49 

+   12 

-12 

-   8 

-16 

-  4 

20  S 

-   84 

+  3^ 

-   9 

+  6 

+   1 

+  7 

30  S 

-165 

+  35 

+   1 

—     .5 

+  9 

-10 

40  S 

-161 

+  31 

+  8 

-17 

_    1 

-14 

50  S 

-   87 

+  51 

+  3 

+  5 

-   8 

+  10 

60  S 

+     5 

+  36 

-10 

-   8 

+  6 

-14 

Av.  Res. 

124 

28.5 

11.7 

10.3 

5  7 

9.3 

(Without  sign) 

and  computed  values,  as  shown  in  Table  4.  Let  us  first  suppose 
that  Xa  and  Za  are  deri\-able  from  a  single  potential  function  arising 
exclusively  from  internal  systems,  as  was  done  by  (lauss,  for  ex- 
ample, and  let  us  expand  the  potential  series  to  the  se\"enth  order 
harmonic  inclusi\'e  and  thus  determine  se\"en  zonal  cocliicients. 
Then,  as  will  be  seen  from  the  second  and  third  columns,  not  only 
is  the  run  of  the  residuals  (0—C),  both  for  A",,  and  Za.  of  a  syste- 
matic character  but  they  e\en  reach  the  second  decimal  C.  G.  S. 
We  must  conclude  that  the  hypothesis  of  a  single  potential  does  not 
give  a  satisfactory  representation  of  the  obser\ed  quantities. 

If  we  assume  the  existence,  both  of  an  internal  and  an  external 
potential,  as  represented  by  the  coefficients  of  Table  1,  it  will  he 
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seen  from  the  fourth  and  fifth  columns  of  Table  4  that  a  much  more 
satisfactory  representation  is  now  obtained,  although  the  expansion 
is  carried  only  to  the  harmonic  of  sixth  degree.  If  we  include  the 
harmonic  of  seventh  degree  then  a  still  better  representation  is  ob- 
tained (see  last  two  columns  of  Table  4). 

Our  general  conclusion  is  that  the  assumption  of  both  an  internal 
and  external  magnetic  system  is  necessary  to  secure  a  satisfactory 
representation  of  the  observed  magnetic  data,  Xa  and  Za.    (Cf.  §31.) 

14.  Average  non-potential  field.  If  the  average  magnetic  com- 
ponents for  parallels  of  latitude  could  be  represented  wholly  satis- 
factorily by  an  internal  potential  and  an  external  potential,  deriN-ed 
from  Xa  and  Za,  as  shown  by  the  coefficients  in  Table  1,  then 
should  Ya,  the  average  of  the  Y,  or  east-west,  component  along  a 
parallel  of  latitude,  vanish  within  the  observational  error  for  each 
parallel.  In  other  words,  the  compass  needle  should  theoretically 
point  truly  north  and  south  everywhere,  but  this  does  not  appear 
to  be  the  case.  Even  were  we  to  eliminate  from  the  total  magnetic 
field  all  the  portions  that  may  be  accounted  for  1)\"  an  internal  po- 
tential system  and  an  external  potential  system,  we  still  apparently 
find  a  directive  force  (about  3  per  cent  of  the  total,  or  about 
equal  to  that  of  the  external  potential  system)  which  sets  the  com- 
pass needle  in  an  approximate  north-south  direction.  On  the 
a\erage  between  5°  and  45°X,  the  north  end  of  the  ctmipass  needle 
would  point  approximately  0.°1  east  of  North,  and  for  the  corre- 
sponding region  in  the  South  Hemisphere  about  0.°1  west  of  Xorth. 
This  outstanding  portion  of  the  Earth's  total  magnetic  field  is 
designated  as  the  non-potential  portion,  .V;  its  elTects,  as  known, 
are  disclosed  by  line-integrals  of  the  magnetic  force  around  a  closed 
path  on  the  Earth's  surface,  and  we  have  already  gi\en  \arious 
results  of  such  line-integral  computations.' 

If  the  closed  "path  be  a  parallel  of  latitude,  then  the  value  of  the 
line-integral  is  indicated  by  the  value  of  Y„.  While  the  preliminary 
values  of  Ya  for  1921,  as  resulting  from  the  latest  1920  and  1922 
charts  of  the  lines  of  equal  magnetic  declination,  are  now,  on  the 
average,  smaller  than  for  previous  charts,  they  still  show  a  general 
systematic  run,  difficult  to  explain  wholly  by  observational  error. 
Thus  for  the  region  5°N  to  45°N,  the  sign  of  Y„  is  persistently 
I)ositi\e,  and  for  the  corresponding  region  in  the  South  Hemi- 
sphere, it  is  persistently  negative.  The  axerage  \alue  of  Ya,  for  the 
region  stated  in  each  hemisphere,  is  about  ().()()()4  (".  ('..  S.     IVrhaps 

'Sei-.  for  .xiinipl'-.  Trrr.  MaR  ,  Vol.  2.S  (1920).  14.'5-I62. 
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the  actual  existence  of  a  non-potential  field  will  become  still  more 
evident  from  the  results  in  the  next  sections.  (C/.  §§19,  20.  21.  ?)1, 
and  })Z.) 

earth's     uniform     MACINKTIC     rilil.l)     I'AKALLEL     TO     AN     INCLINED 

DIAMETI-R. 

15.  X,  Y,  Z  systems.  Let  us  at  first  make  no  assumption  as  to 
the  composition  of  the  total  magnetic  field,  and  treat  A',  Y,  Z,  as 
independently  of  one  another  as  the  imposed  conditions  permit. 
The  first  step,  as  usual,  is  to  represent  the  values  of  .Y,  Y,  Z  by 
Fourier  series  for  each  parallel,  A.  being  the  longitude,  counted 
positi\'e  east  from  Greenwich,  of  the  point  considered.    Thus: 

X  =  Xa  +  k,  cos  \-\-K,  sin  X+  k,  cos  2\+  K,  sin  2A+ (3) 

Y=  Ya  +  /,  cos  A+  L,  sin  X+  /.,  cos  2A+  L,  sin  2A+ (4) 

Z=Za    +w,  COS  A+J/,  sin  A+m.,  cos  2A+M,  sin  2A+ (5) 

From  the  25  values  (5°  parallels,  60°N  to  6()°S)  for  each  of  the 
unknowns  k,  K,  I,  L,  m,  M,  the  respective  Gaussian  coeiificients 
were  derived  by  least  squares,  in  general  accord  W'ith  the  method 
adopted  by  Adolf  Schmidt  for  1885.  Table  5  gives  the  first  degree 
harmonic,  i.  e.,  for  the  first  three  terms  of  each  series,  (3),  (4),  and 
(5),  both  for  1885,  based  on  Schmidt's  figures,  and  for  1922,  ac- 
cording to  our  calculations.  The  publication  of  the  coeflficients  of 
the  other  harmonics  is  at  present  deferred. 

Table  5. —  Uniform  portion  of  Birth's  X,  Y,  and  Z  magnetic  systems  for  1885  and 
1911,  and  average  annual  changes,  derived  from  region  60° N  Id  60°S. 


Quantity 

1885 

1922 

An.  Ch.  (1922-1885) 

X 

Y 

Z 

X 

>' 

Z 

dX 

dY 

dZ 

cp  =  Mp  'R^ 
Ce  =  Me  /7?' 

c   =  M     R^ 

c.g.s. 
+  .31918 
.06367 
.32.547 

c.g.s. 
'" 06324' 

c.g.s. 
4-. 31513 
.06449 
.32166 

c.g.s. 
+ . 30992 
. 06303 
.31626 

c.g.s. 
'^ 06235 

c.g.s. 
+ .  30084 
.06113 
. 30699 

-0.°08 
-0.03 
-0.08 

0  / 
'  0 

-o!64 

0  / 

-d.°i2 

-0.14 
-0.13 

78°43'.1  X 
71  30  W 

69^32'W' 

78°26'.0  X 
67  31  \V 

78°30'.2  X 
72  11  \V 

67°59'W 

78''30'.9  X 
68  38  W 

0'.35  S 
1.1  IW 

2.51  E 

0'.13X 
1.81\V 

The  quantities  in  Table  5  have  the  following  significance: 
M=  Earth's  magnetic  moment;  i?  =  Earth's  mean  radius; 
Mp  =  Component  of  AI  along  axis  of  rotation,  or  polar  component; 
Me  =(^omponent  of  .1/  perpendicular  to  axis  of  rotation,  or  equa- 
torial component; 
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Cp,  Ce,  and  c  are  proportional,  respectively,    to    the  corresponding 
components  of  magnetization,  and  to  the  resultant; 


ci^  = -£',o=-\3  .7,0  (see  Table  l);r<,  =\(-j?n)-+(-/'nV-; 

</)„  =  latitude  of  north  end  of  magnetic  axis,  calculated  from   the 

formula,  tan  <^,,    =Ce/cp; 
A„  =  longitude  of  north  end  of  magnetic  axis,  calculated  from  the 

formula,  tan  A„  =  (— /?|J  '(  — ff^J. 

16.  The  following  are  the  main  conclusions  to  be  draivn  from 
Table  5; 

a.  For  all  three  systems,  A^  Y,  and  Z,  the  magnetic  moment, 
as  well  as  each  of  its  components,  has  diminished  since  1885,  the 
vertical  system  iZ)  having  diminished  in  strength  at  a  more  rapid 
rate  than  the  horizontal  systems  (A',  Y). 

b.  The  north  end  of  the  magnetic  axis  of  the  A'-s\stem  has 
moved  since  1885  towards  the  equator  at  the  average  annual  rate 
of  about  one-third  of  a  minute,  whereas  that  of  the  Z-system  has 
moved  towards  the  North  Pole  at  a  less  rapid  rate,  nameh',  at  an 
average  annual  rate  of  one-eighth  of  a  minute  of  arc. 

c.  While  the  north  end  of  the  magnetic^  axis,  for  both  sN'stems, 
X  and  Z,  has  moxed  since  1885  towards  the  west,  at  the  a\'erage 
annual  rates  of  l.'l  and  1/8,  respecti\eK',  the  north  end  of  the 
magnetic  axis  of  the  system  chiefly  responsible  for  the  changes 
in  the  magnetic  declination,  the  F-system,  has  mo\ed  since  1885  at 
the  a\erage  annual  rate  of  2. '5  towards  the  east. 

d.  The  abo\e  conclusions  show  the  complex  nature  of  the 
various  magnetic  s>'stems  composing  the  uniform  portion  of  the 
Earth's  magnetic  field,  as  well  as  the  complicated  character  of  the 
secular  magnetic  changes. 

1  7.  /  and  E  systems.  From  the  A'.  1',  Z  s\"stenis.  llu-  coeliicients 
of  which  are  gi\en  in  Table  5,  we  ma\"  pass,  b\  the  usual  process,  to 
the  two  potential  s\stems,  internal  (/),  and  external  (/£).  The 
coefficients  for  the  first  harmonic  term  of  the  two  s\stems.  /  and  £, 
are  gi\en  in  Table  6  for  three  epochs.  1842,  1885,  aiKi  1<)22.  The 
1922  quantities  are  to  be  regarded  as  preliminar\'  ones  and  subject 
to  some  slight  changes  dependent  u|)on  finther  computations  in 
progress.  l!.\cei)t  for  the  effect  of  errors  in  the  1885  magnet ii- 
charts.  especialK'  o\  er  the  ocean  areas,  the  1922  and  1885  results 
would  be  strictK'  comjxirable.  The  method  of  analysis  adopti'd  !)>• 
Adams  and  Fritsche  and  the  regi(<n  of  l!arth  embraced  for  the 
e|)och  1840-45.  are  somewhat  diffen-nt  from  those  for  1S85  to  1922. 


EARTH'S  MAGNETIC  FIELD  FOR  1922 


15 


T.ABLE  6. —  Uniform  portion  of  the  Earth's  internal  (/)  and  external  (E)  magnetic 

systems,  1842-1922, 


(Quantity 

Adams,  F'ritsche 
1842 

Schmidt 

1885 

Dept.  T.  M. 

1922 

Int'l  Syst. 
An.  Change 

I 

E 

I 

E 

I 

E 

1842- 
1922 

1885- 
1922 

-gio  =  Cp=Mp/R3 
-g.i 

Me/R' 

M/R^ 

c.g.s. 

+  .32169 

+  .02760 

-.05826 

.06447 

.32809 

c.g.s. 

+  .00202 

-.00017 

-.00146 

.00147 

.00250 

c.g.s. 

+  .31733 

+  .02356 

-.05984 

.06431 

.32378 

c.g.s. 

+  .00186 

-.00241 

+ . 00004 

.00241 

.00304 

c.g.s. 

+ . 30468 

+  .02202 

-.05776 

.06182 

.31089 

c.g.s. 

+  .00523 

-.00069 

-.00113 

.00132 

.00539 

7° 

-0.07 
-0.28 
+0.01 
-0.05 
-0.07 

7° 

-0.11 
-0.18 
-0.09 
-0.10 
-0.11 

78°40'  N 
64  39   W 

53°.9  N 
92.6  W 

78°32'  N 
68  30  W 

37°.6  N 
180.9   W 

78°31'.9N 
69  08  W 

75°48'  N 
121  24   W 

O'.IO  S 
3.38W 

O'.O 
LOW 

The  average  annual  changes  are  worked  out  only  for  the 
/-system,  as  the  data  for  the  £-system  for  the  epochs  1842  and  1885 
may  be  subject  to  considerable  uncertainty,  on  account  of  the 
known  imperfections,  or  incompleteness,  of  the  earlier  magnetic 
charts  on  which  the  analyses  for  those  years  had  to  be  based. 
The  significance  of  the  quantities  in  Table  6  has  already  been 
explained  in  §15. 

18.     The  chief  conclusions  to  be  drawn  from  Table  6  are: 

a.  The  portion  in  1922  to  be  referred  to  an  external  magnetic 
potential  is  nearly  three  times  that  apparently  shown  by  the  earlier 
analyses.  It  is  at  present  believed  that  this  result  is  to  be  ascribed 
chiefly  to  improved  knowledge  of  the  Earth's  magnetic  field,  es- 
pecially over  the  oceans,  rather  than  to  secular  change. 

b.  For  1922  the  north  end  of  the  magnetic  axis  of  the  £-system 
is  somewhat  south  and  about  52°  west  of  the  axis  of  the  /-system. 
It  may  be  of  interest  to  note  in  this  connection  that  the  displace- 
ments in  longitude  of  the  north  ends  of  the  /-axis  and  of  the  £-axis 
are  of  about  the  same  amount  (26°),  as  referred  to  the  position  of 
the  Magnetic  North  Pole,  the  displacement  of  the  /-axis  being 
towards  the  east  of  the  M.  X.  P.,  and  that  of  the  £-axis  towards 
the  west.  (What  reliance  may  be  placed  on  the  indicated  positions 
of  the  £-axis  for  the  earlier  analyses,  it  is  difficult  to  say.  because 
of  well-known  errors  in  the  earlier  magnetic  charts.^ 

c.  It  would  seem  to  be  fairly  well  established  now  that  both 
the  polar  and  the  equatorial  components  of  the  Earth's  magnetic 
moment  ha\e  been  decreasing  during  the  past  sixty  years.  Be- 
tween 1885  and  1922  the  annual  decrease  in  both  components  has 
been  apparently  as  much  as  one-tenth  of  one  per  cent.^ 

d.  The  indications  are  that  the  north  end  of  the  magnetic  axis 
of  the  /-system,  besides  moving  westward  with  the  lapse  of  time, 
may  also  be  slowly  moving  towards  the  equator.     (Were  the  west- 

'fy.  previous  results  in  Terr.  Mag.,  vol.  8  (190.?).  97-108,  and  particularly  vol.  9  (1904),  173-186. 
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ward  motion  to  continue  at  the  same  rate  as  that  shown  between 
1885  and  1922,  it  would  take  ovar  20.000  years  to  accompHsh  a 
complete  revolution  of  the  magnetic  axis  around  the  axis  of  rota- 
tion. Were  the  average  rate  of  westward  motion  to  continue  as 
apparently  shown  between  1842  and  1922,  the  complete  re\olution 
of  the  magnetic  axis  would  take  about  6,400  years.  However,  we 
have  as  yet  no  reliable  e\idence  that  the  magnetic  axis  will  make 
such  a  complete  re^•olution.  In  fact  such  c\idencc  as  there  is  at 
present  indicates  the  contrary  fact.  For  all  wc  know,  the  magnetic 
axis  of  the  internal  potential  system  may  ha\c  been  nearer  coin- 
cidence with  the  axis  of  rotation  than  it  is  now,  and  for  many  cen- 
turies while  slowly  turning  towards  the  west,  but  not  making  a 
complete  revolution,  it  may  have  been  slowly  moving  towards  the 
equator  in  consequence  of  induced  demagnetizing  systems.) 

Fig.  2  shows  the  positions  for  1922  of  the  north  end  of  the  mag- 
netic axis  {MA)  of  the  /-sy.stem  and  of  the  £-system,  and  that  of 
the  Magnetic  North  Pole,  according  to  the  best  evidence  at  hand. 
As  will  be  seen,  the  line  of  maximum  auroral  frequency  passes  to 
the  south  of  the  three  positions. 
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FIKTHHR    KVIDKNCH    OF    A    XOX-POTENTIAr.    SYSTEM. 

19.  It  is  found  that  the  total  magnetic  field,  made  up  of  the 
three  systems  (A',  F,  Z),  cannot  be  represented  satisfactorily 
solely  by  an  internal  potential  system  plus  an  external  potential 
system.  In  other  words  we  must  introduce  a  third  system,  not 
ha\ing  a  magnetic  potential,  the  iV-system.  To  show  this,  Table  7 
has  been  prepared,  referring  to  the  coefficients  of  the  sin  A.  and  cos  A. 
terms  in  formulas  (3),  (4),  and  (5);  the  same  evidence  presented  in 
this  table  could  readily  be  extended  to  the  successive  terms  (mul- 
tiples of  A). 


Table  7.- 


-Average  residual  {0  —  C)  for  1922  in  units  of  fourth  decimal 
for  k^,  Kt,  /,,  7,,,  w,,  and  i/,,  and  region  60°N  to  60°S. 


C.  G.  S. 


No. 

1<. 

K. 

!i 

L, 

m, 

M. 

Method  of  computation 

1 

7 

15.5 
11.9 
!6.5 
28.9 
9.5 

6.8 
10.5 
2-1.4 

7.8 

13.5 
5.4 
6.2 
2.4 
4.1 

13.6 
9.3 

11.2 
3.5 
5.1 

27.8 

26.5 

All  internal  pot'l;  XYZ  combined;     7°  har. 
Hor'l  potential;      XY    combined;     7°  har. 
Hor'l  potential;      X'N'     combined;     6°  har. 
Y  — potential;         Y                alone;     6°  har. 
3  distinct  systems,  X,  Y,  Z  separate;  6^  har. 

3 

4 
5 

li'^.l 

26' 1 

The  first  line  shows  the  average  value  of  the  residual  {0—C), 
regardless  of  sign,  between  observed  and  computed  value  of  the 
designated  coefficient,  derived  on  the  assumption  that  the  A',  I'.  Z 
quantities  are  the  partial  derivatives  of  a  single  potential  function; 
to  make  the  case  as  favorable  as  possible,  the  potential  series  was 
expanded  to  include  the  harmonic  of  the  seventh  degree.  It  will  be 
seen  that  even  the  average  residuals,  for  the  whole  region  60°X  to 
60°S,  reach  the  third  decimal  C.  G.  S. 

The  second  and  third  lines  contain  the  values  of  {0—C),  as- 
suming merely  that  the  horizontal  components  A',  Y  are  the  de- 
rivatives of  a  single  potential  function,  first  taking  harmonics  to  the 
seventh  degree  inclusive,  and  second,  taking  harmonics  to  the  sixth 
degree  inclusive.  While  there  has  thus  resulted  some  impro\ement 
in  the  residuals  for  ^,,  K^,  /,,  and  L,,  some  of  the  average  residuals 
still  reach  the  third  decimal  C  G.  S. 

Of  the  three  components  A',  Y,  Z,  Y  may  be  represented  by  a 
potential  series  with  the  highest  degree  of  accuracy.  Let  us,  there- 
fore, obtain  the  tesseral  Gaussian  coefficients  alone  from  the  as- 
sumed I'-potential.  On  this  basis,  even  though  the  expansion 
be  carried  only  to  the  sixth-order  harmonic,  we  get  average  residuals 
for  /,  and  L,  atnounting  only  to  a  few  units  in  the  fourth  decimal 
3 
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C.  G.  S.  But  now  let  us  apply  the  F-coefficients,  thus  derived, 
to  the  X,  or  north  component,  and  we  find  that  they  will  not  fit, 
the  average  residual  for  ^,  and  iv,  being  nearly  0.003  and  0.0025, 
respectively.  In  other  words,  the  values  of  both  A'  and  Y  cannot 
be  represented  satisfactorily  by  a  common  magnetic  potential,  com- 
posed of  internal  and  external  potential  systems;  it  is  necessary  to 
assume  an  additional  system  not  having  a  potential.  (That  the 
coefficients  derived  from  the  F-components  will  not  represent  the 
X-components  satisfactorily,  has  been  the  common  experience  of 
sevcal  investigators  who  during  recent  years  have  investigated 
the  diurnal  variation  of  terrestrial  magnetism.)  Whatever  the 
proper  interpretation  of  the  non-potential  effects  may  be  found 
to  be,  we  apparently  cannot  escape  the  probal)]e  existence  of  a 
non-potential  magnetic  system.     (C/.  §§32  and  Z?>.) 

20.  Three  systems,  I,  E,  and  N.  Now  coming  to  the  last  line 
of  residuals,  we  have  the  values  obtained  by  treating  X,  F,  Z  as 
separately  as  possible;  in  other  words,  provision  is  made  for  the 
co-existence  of  three  systems,  /,  E,  N.  On  the  whole,  we  now  get 
the  best  set  of  average  residuals,  though  those  for  /,  and  L^  are 
somewhat  larger  than  the  corresponding  ones  for  No.  4,  the  extent 
of  expansion  of  the  harmonic  series  being  the  same  in  both  cases. 
The  reason  is  that  according  to  Schmidt's  method  it  is  not  possible 
to  make  a  wholly  independent  adjustment  of  the  X  and  the  F 
equations,  and  consideration  is  being  given  at  present  to  modifica- 
tions of  method  which  may  accomplish  the  desired  purpose.  As 
pointed  out  in  a  previous  paper  by  the  author,^  Schmidt  was 
likewise  not  wholly  successful  in  the  mathematical  representation 
of  the  F-components  for  1885  by  his  method  of  adjustment. 
Schmidt  deserves  high  credit,  however,  for  development  of  a  method 
of  analysis,  which  was  a  great  improxement  o\cr  that  ol  his  prede- 
cessors. 

21.  Table  8  will  gi\e  some  idea  of  the  relati\e  amounts  to  be 
attributed  to  the  component  systems  which  together  make  up  the 
coefficients  ^p  K",,  /,,  and  L,.  Thus  the  a\erage magnitude  of  k\  ,  on 
accoimt  of  the  internal  magnetic  potential,  is  0.0304  C  (i.  S.,  that  of 
k\  ,  caused  1)\'  the  external  magnetic  potential,  is  ().()()14  ('.  (i.  S., 
and  finally  that  of  the  non-potential  system,  k"  ,  is  0.0027  C.  G.  S. 
Thus  the  external  system  and  the  non-potential  system,  together, 
may  at  times  contribute  ten  per  cent  or  more  to  ^,.     The  same  is 
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true  with  regard  to  A',  and  L^.     For  /,  the  contriI)iition  of  the  E  and 
the  A^  systems  may  be  fi\e  per  cent  or  more. 

Table  8. — Average  numerical  values  for  1922  and  region  60° N  to  60°S  of  component 
parts  of  /?,,  K-^,  /j,  and  Z,,  in  units  of  fourth  decimal  C.  G.  S. 


k\  =301 

K'l  =377 

I',  =562 

L'l  =299 

k^  =    U 

K^  =    12 

It  =    13 

L^  =    10 

k'/  =   27 

K'l  =    16 

v;  =  11 

L'l'  =   20 

22.     Is   idiJ.  =  o^    We  must  confess  to  a  sense  of  disappointment 

with  regard  to  the  average  residuals  for  the  coefficients  Wj  and 
iV/p  for  case  No.  5.  Table  7.  While  there  is  some  improvement 
over  the  corresponding  ones  in  No.  1,  and  while  they  may  be 
somewhat  further  reduced  by  including  another  harmonic  term  so 
as  to  have  the  same  number  of  coefficients  as  in  No.  1,  there  is 
evidence  of  some  other  outstanding  phenomenon.  All  analysts, 
beginning  with  Gauss,    have   assumed    that  i  dfji  is  zero,  where  d/Ji 

represents  the  elemental  quantity  of  magnetism;  these  elemental 
magnetic  quantities  being  both  plus  and  minus,  the  integral  was 
taken  as  zero.  Of  course  dfji.  might  stand  for  some  other  physical 
quantity  than  the  one  stated.  The  assumption  of  the  integral 
being  zero  affects  the  Z-series,  but  not  the  series  for  X  and  F,  pro- 
vided there  are  only  systems  having  a  magnetic  potential.  If  we 
do  not  assume  that  the  integral  is  zero,  in  view  of  the  various 
systems  entering  into  the  composition  of  the  Earth's  total  mag- 
netic field,  or  because  of  the  fact  that  our  analysis  is  not  based  on 
magnetic  data  over  the  entire  Earth,  then  a  constant  term  enters 
into  the  Z-expression,  which,  if  introduced,  further  reduces  the 
average  residuals  of  m^  and  1/,.  Furthermore,  if  there  is  also  a  non- 
potential  system,  caused,  for  example,  by  vertical  electric  currents, 
then  the  mathematical  expressions  for  A'  and  Y  would  likewise  be 
afiected  by  the  non-fulfillment  of  the  assumption  |rf/x  =  0,  as    the 

question  would  arise,  whether  for  the  region  considered,  the  total 
amount  of  electricity  entering  the  Earth  equals  the  total  amount 
emerging  from  the  Earth.  It  is  of  interest  to  note  that  Gauss  him- 
self in  his  celebrated  memoir,  section  35,  intimated  that  the  day 
might  come  when  it  could  no  longer  be  assumed  that  the  integral  of 
dfi  is  zero. 
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23.  The  Earth's  magnetic  moment,  as  defined  by  Gauss, 
pertains  only  to  that  portion  of  the  Earth's  internal  magnetic  field 
expressed  by  the  first  hamionic,  and  hence  represents  a  uniform 
magnetization  parallel  to  a  diameter,  the  north  end  of  which  in 
1922,  according  to  Table  6,  was  in  latitude  78°31.'9N,  and  longitude 
69°08'W.  The  question  arises  whether  the  large  annual  decrease  in 
the  magnetic  moment,  as  already  described,  is  in  any  measure  com- 
pensated by  an  increase  in  the  non-uniform,  or  heterogeneous, 
portion  of  the  Earth's  total  internal  magnetic  field. 

To  obtain  a  measure  of  the  Earth's  total  internal  magnetic  field, 
I  used  in  1903,  for  the  first  time  in  terrestrial  magnetism,  the  "mag- 
netic energy"  of  the  field;  for  details  and  development  of  formulae 
the  interested  reader  may  be  referred  to  the  1903  paper. ^ 

Let  W  be  the  magnetic  energy  of  the  Earth's  total  internal  mag- 
netic field  at  any  point  in  space,  F,  the  corresponding  field  intensity 
at  that  point,  and  dr,  the  element  of  \olume,  and  let  us  set  the  mag- 
netic permeability  for  the  space  outside  the  Earth  equal  to  unit>', 
then  .2 

H/  =  l.  (>2j^^  J_  r-^  r^   r°^   ^  y-+  Y-+Z-')  r'  sin  u  d  X  d  II  d  r, 

JSTT"^  OTTjo       Jo     JR 

=  !<"'  [(r ,0+r „  +T„)  +f  (7^0+7%,  +f •:,  +7^.  +  T J  +CtC.] 

=  R'  ]I  +  II  +  III  +  IV-fctc.] 

The  quantities  7,  -q  are  the  Gaussian  coefticicnis,  using  Schmidt's 
functions,  and  R  is  the  F^arth's  mean  radius.  It  is  found  that  it 
suffices  for  our  purpose  to  stop  with  term  IV,  representing  the 
fourth  degree  harmonic.  Term  I  refers  solely,  as  in  the  case  of  the 
magnetic  moment,  to  the  first  harmonic,  or  uniform  portion  of  the 
internal  magnetic  field. 

Table  9  gives  a  comparison  of  the  results  for  1<S85  and  1922,  the 
188.S  quantities  being  taken  from  the  1903  paper:' 

T.VBLE  9.— Values  of  W/R^for  1885  and  1922,  in  C.  G.  S.  units. 


Epoch 

Unif. 
Portion 

Non-Uniform  Portion 

I 

II 

III 

IV 

II  +  III  +  IV 

Total 

1.S.S.S 
1^22 

0 . 03495 
0.03222 

0.00034 
0.00038 

0.00015 
0.00016 

0.00004 
0.00006 

().()()()53 
().()()(K)(I 

0  03548 
0.03282 

Average  annual  decrease  of  ir/7?\    1885  to  1922  =0.000072=0.211 
per  cent,  or  about  1/474  part. 
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From  the  1903  computations  it  was  found  that  the  average 
annual  decrease  in  the  magnetic  energy  during  the  forty-six  years, 
1838  to  1884,  was  0.0626  per  cent,  or  about  1/1,600  part.  Hence, 
the  average  annual  decrease  in  the  magnetic  energy  of  the  Earth's 
internal  magnetic  field,  for  the  region  60°N  to  60°S,  appears  to  have 
been  about  3  times  as  rapid  between  1885  and  1922  as  it  had 
been  during  the  46  years  prior  to  1885.  Whether  this  is  be- 
cause of  the  greatly  improved  ocean  data  on  which  the  1922  charts 
are  based,  must  be  left  for  a  future  investigation. 

24.  It  will  be  of  interest  to  give  in  detail  the  computation  of 
the  magnetic  energy  of  the  uniform  portion  of  the  l^arth's  internal 
magnetic  field,  as  the  loss  in  magnetic  energy  is  practically  confined 
to  this  portion. 

Table  10. —  Value  of  W/R^  for  uniform  portion  of  Earth's  internal  magnetic 
field,  in  C.  G.  S.  units. 


Epoch 

Polar 
Component 

Equatorial            Total 
Component 

1885 
1922 

0.033566 
0.030944 

0.001379          0.034945 
0.001274          0.032218 

Total  decrease 

Average  annual  decrease 

0.002622 
0.220% 

0.000105          0.002727 
0.214%            0.220% 

1 

The  figures  in  this  table  show  that  for  the  period  1885  to  1922,  and 
for  the  region  of  the  Earth  60°X  to  60°S,  the  average  annual  de- 
crease in  the  magnetic  energy  of  the  uniform  portion  of  the  Earth's 
internal  magnetic  field  was  practically  the  same,  namely  about 
one-fifth  of  one  per  cent,  or  about  1/500  part,  for  both  the  polar 
component,  parallel  to  the  axis  of  rotation,  and  the  equatorial 
component,  perpendicular  to  the  axis  of  rotation. 

For  the  uniform  portion  of  the  internal  magnetic  field  the  rela- 
tion between  the  magnetic  energy,  IF,  and  the  magnetic  moment, 

M,  W 

W  =  M2/3  R\ 
Hence,  d  W/W  =  2  d  M/M.  (7) 

Since  d  W/VV  was  found  to  be  equal  to  about  1/500  part,  the  corre- 
sponding average  annual  decrease  in  M,  between  1885  and  1922, 
was  about  1/1.000  part,  as  already  stated.  The  average  annual 
less  of  the  magnetic  moment  of  well-seasoned  magnets  is  about 
1/500  part.    In  1918  I  found  that  an  increase  of  100  in  the  sun-spot 
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number  was  accompanied,  during  1891-1916.  by  a  decrease  of  about 
1/1,000  part  in  the  Earth's  magnetic  moment.' 

From  the  foregoing  sections,  it  is  seen  that,  in  view  of  the  com- 
plexity of  the  Earth's  magnetic  field  and  the  rather  large  annual 
decrease  in  the  magnetic  moment,  or  in  the  equivalent  intensity 
of  magnetization,  it  is  a  doubtful  procedure  to  determine,  as  has 
actually  been  attempted,  the  Earth's  magnetic  potential  for  epochs 
prior  to  the  nineteenth  century,  for  which  onl\-  declination  and 
inclination  observations  are  available. 

THE    earth's    SECULAR-VARIATFOX    SYSTEM. 

25.  If  we  inquire  into  the  general  character  of  the  secular- 
variation  system,  which  superposed  upon  the  uniform  internal  mag- 
netic field  for  1885,  gradually  changes  the  latter  into  the  internal 
uniform  magnetic  field  for  1922,  shown  in  Table  6,  it  is  found  that 
the  secular-variation  system  is  a  de-magnetizing  system,  whose 
magnetic  a.xis  is  directed  almost  diametrically  opposite  to  that  of 
the  primary  uniform  field.  This  is  in  harmony  with  the  general 
deduction  from  the  1904  computations,^  which  pertained  to  the 
av'erage  annuril  secular- variation  system  between  1890  and  1900,  as 
based  on  actual  observational  material. 

If  the  internal  de-magnetizing  system  is  the  result  of  self-induc- 
tion, due  to  one  cause  or  another,  as,  for  example,  relative  motion 
of  the  component  parts  of  the  Earth's  total  field,  with  reference  to 
one  another,  then  it  must  be  borne  in  mind  that  the  total  system 
at  any  one  time  is  itself  a  composite  one  made  up  of  the  total  actual 
primary  system  plus  the  total  induced  system.  It  will  require 
considerable  further  investigation  before  an  attempt  to  separate 
the  total  existing  system  into  a  primary  and  an  induced  one  can  be 
safely  undertaken. 

26.  After  the  total  observational  material  has  been  carefulK 
referred  to  common  epochs,  we  are  planning,  if  it  is  found  possible, 
to  make  an  analysis  of  the  Earth's  magnetic  field  for  1913,  the  year 
of  minimum  sun-spot  activity;  for  1917,  the  year  of  maximum  sun- 
spot  activitx',  and  again  for  subsequent  similar  epochs. 

There  would  hardh'  seem  to  be  any  question  now,  as  alreadv' 
concluded  in  m\'  1904  paper,-  thai  "llic  secular  variation  of  the 
Earth's  ma<^netism  is  caused  not  only  by  a  chant^e  in  the  direction  of 
magnetization,  hut  likewise  by  a  change  in  the  intensity  of  magnetiza- 
tion." 
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SUMMARY    OF   CHIKF    CONCLUSIONS. 

27.  The  chief  conclusions  reached  in  the  present  paper  are  as 
follows: 

a.  It  is  necessary  to  recognize  that  the  Earth's  total  magnetic 
field  at  any  one  time  is  apparently  composed,  to  the  extent  of  about 
94  per  cent,  of  an  internal  magnetic  potential  system,  /,  and  to  the 
extent  of  about  6  per  cent,  of  an  external  magnetic  potential  sys- 
tem, E,  plus  a  non-potential  system,  N.  (There  is  a  possibility 
that  relativity  effects  may  play  a  part  in  the  exact  evaluation  of 
the  three  systems. \) 

h.  Instead  of  the  three  systems,  /,  E,  N,  the  exact  evaluation 
of  each  of  which  rests  somewhat  on  assumption  as  to  the  character 
of  the  causes  producing  the  observed  magnetic  field  of  the  I-3arth,  we 
may  say  that  in  order  to  represent  satisfactorily  the  observed  mag- 
netic data,  it  is  necessary  to  recognize  the  existence  of  three  distinct 
systems,  namely,  the  X,  F,  Z  systems.  The  X-system  is  responsible 
for  the  total  component  acting  on  the  magnetic  needle  in  the  direc- 
tion positive  towards  geographic  North;  the  F-system,  for  the 
total  component  in  the  direction  positive  towards  geographic  East; 
and  the  Z-system,  for  the  total  component  acting  in  the  vertical 
direction  positi\e  towards  the  nadir. 

c.  It  must  be  recognized  that  the  magnetic  secular-variation 
system  is  as  complex  as  the  Earth's  total  magnetic  field  existing 
at  any  one  time,  and  that  in  addition  to  changes  in  the  direction  of 
magnetization  with  the  lapse  of  time  there  is  also  a  change  in  the 
average  equivalent  intensity  of  magnetization.  The  magnetic  axis 
of  one  component  of  the  total  secular-variation  system  may  show  a 
reverse  motion  in  latitude  and  longitude  to  that  shown  by  another 
component.  On  the  whole,  as  a  resultant  efTect,  it  would  seem 
that  the  north  end  of  the  axis  of  the  Earth's  internal  magnetic  field 
during  the  past  80  years  has  been  moving  slowly  towards  the 
west,  and  apparently  at  the  same  time  slowly  towards  the  equator. 
It  is  not  possible  to  speak  at  present  of  any  period  of  complete  revo- 
lution of  the  magnetic  axis  about  the  Earth's  axis  of  rotation. 
(Were  the  average  annual  rate  of  motion  of  the  magnetic  axis,  as 
indicated  during  the  past  80  years,  to  continue  unaltered,  a  com- 
plete revolution  would  require  about  fifteen  thousand  years,  or 
more.  Shorter  periods  deduced  from  analyses  in  which  no  account 
is  taken  of  possible  change  in  intensity  of  magnetization,  besides 
change  in  direction  of  magnetization,  or  obtained  from  a  discussion 
of  the  secular  change  in  limited  regions  of  the  globe,  evidently 
cannot  be  regarded  as  pertaining  to  the  Earth's  field  as  a  whole.) 

d.  The  average  equivalent  intensity  of  magnetization  of  the 
Earth  has  been  steadily  diminishing  during  the  past  80  years 
at  the  average  annual  rate  of  about  1/1500  part.  How  long  it  will 
continue  to  diminish,  whether  there  will  be  a  time  of  no  change,  or 
whether  it  will  later  increase,  are  questions  that  cannot  be  answered 
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at  the  present  time.  (Whether  the  annual  rate  of  loss  is  actually 
variable,  as  would  apparently  be  indicated  on  the  basis  of  the  mag- 
netic charts  of  1885  and  1840-1845,  is  another  matter  which  must 
await  completion  of  additional  analyses  to  be  made  for  epochs  for 
which  magnetic  data  of  known  reliability  are  available.) 

e.  A  suggestive  effect,  dependent  apparently  upon  the  dis- 
tribution of  land  and  water,  has  been  disclosed,  namely,  that  the 
a\erage  equivalent  intensity  of  magnetization  for  corresponding 
parallels  north  and  south,  is  generally  larger  for  the  land-predomi- 
nating parallel  than  for  the  ocean-predominating  parallel. 

/.  For  1922  we  have  for  the  Earth's  uniform  internal  magnetic 
fie'd,  as  deduced  from  magnetic  obser\'ations  over  86  per  cent 
of  the  Earth's  surface  (60°N  to  60°S),  the  following  data,  which 
it  is  expected  will  be  only  slightly  modified  by  the  final  analysis,  R 
being  the  Earth's  mean  radius  (6.37xl0^cm.) : 
Mp  =  Component  of  magnetic  moment  parallel  to  axis  of  rotation 

=  0.3047A''  =  7.88x10^5  C.  G.  S. 
Me  =  Equatorial  component  of  magnetic  moment 

=  0.061 87^''  =  1.60x10-"  C.  G.  S. 
lf=Resultant    magnetic  moment' =0..S1 09^3  =  8.04x10-^  C.   G.   S. 
Mp  =4.93  Me  . 

If  the  Earth's  magnetism  were  distributed  iuiiforml\-  through- 
out its  \olume,  as  it  probably  is  not,  the  axerage  intensity  of  mag- 
netization would  be  0.074  C.  G.  S.  The  magnetic  axis  intersects 
the  North  Hemisphere  in  latitude  78°32'X  and  longitude  69'^08'\V 
of  Greenwich. 

Dep.iiRtment  of  Terrestri.vl  Magnetism, 
C.^RNEGu-:   In'^tititkin  ok  Washington. 


A  ppendix. 

CONCERNING  EXISTKNCE  OF  i:XTERN.\L  .WD  NO\-I'()TENTI.\l.  SYSTEMS. 

28.  As  the  journal  is  passing  through  the  press  there  comes 
to  my  attention  an  article,  "The  Earth's  Magnetic  P(Jtential,"  by 
Sir  F'rank  D\'son  and  Mr.  H.  Furner,-  which  also  contains  the 
results  of  an  anahsis  of  the  Earth's  magnetic  held  for  1922.  The 
authors  state  that  their  anaKsis  is  l)ased  on  the  British  .Admiralty 
charts  for  1922,  with  some  revisions  since  publication,  "using  all 
a\ailable  material,  the  greatest  source  being  the  observations  made 
by  the  Carnegie  and  the  land  observations  of  the  Carnegie  Institu- 
tion." Their  Tables  I,  II,  and  III  contain,  respectivel>-,  the  com- 
ponents y,  X ,  and  Z,  derived  from  the  chart  \alues  of  the  tleclina- 
tion,  horizontal  intensit\-,  and  dip  for  the  intersections  of  the  10° 
parallels  and  meridians  from  80°X  to  80°S,    The  authors  of  course 

'The  value  of  the  inaRnetic  moment  fretjuentlr  found  in  te.xt  liooks,  as  dependent  on  Gaus.s'9 
analysis  for  1830.  is  8..S.Sxlt»  C.  G.  S.  The  avcrane  annual  rate  of  lo<w  between  1830  and  1922  is 
about  1/1500  part,  thus  corresponding  with  the  average  annual  rate  given  in  tonrlusion  J. 

'Man.  Not.  Roy.  .\slr.  .Sac,  Geophysical  Supplement,  vol.  I,  No.  3.  May,  1923,  76-88. 
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intend  that  the  quantities  in  these  tables  shall  be  regarded  as  pre- 
liminary ones,  pending  final  and  accurate  reduction  of  the  obserxa- 
tions  to  a  common  epoch  by  the  Department  of  Terrestrial  Mag- 
netism. This  is  especially  true  for  the  tabulated  quantities  apply- 
ing to  parallels  80°N,  70°N,  70°S,  and  80°S,  for  which  the  authors 
find  large  residuals  when  their  quantities  are  compared  with  the 
theoretically-computed  yalues.  Until  we  haye  more  magnetic  data 
than  at  present,  for  the  polar  areas,  and  especially  more  accurate 
knowledge  of  the  secular  changes,  it  is  safer  to  confine  an  analysis 
of  the  Earth's  magnetic  field  to  the  region  60°X  to  60°S,  as  has  been 
done  in  my  paper  (§  4). 

29.  Taking  the  Earth  as  a  sphere,  the  authors  establish  three 
separate  spherical  harmonic  series  for  the  three  components,  X,  Y, 
Z,  assuming  each  component  to  be  the  partial  deriyatiye  of  a  po- 
tential function.  The  Gaussian  coefficients  for  each  of  the  three 
series  are  deriyed  from  the  entire  tabulated  data  80°N  to  80°S, 
and  in  the  case  of  the  Z-series,  also  for  the  data  60°N  to  60°S.  They 
next  take  weighted  means,  of  the  coefficients  for  X  and  Y,  and  ob- 
tain one  combined  series  as  though  X  and  Y  resulted  from  a  com- 
mon potential  of  a  horizontal  system  of  forces.  Later,  they  also  ex- 
clude the  hypothesis  of  a  possible  external  system.  Their  method 
of  analysis  is  accordingly  not  as  free  from  assumptions  regarding 
the  possible  constitution  of  the  Earth's  magnetic  field  as  that  fol- 
lowed by  Schmidt  and  myself. 

Including  the  extreme  parallels  70°  and  80°,  the  authors  obtain 
for  the  \alue  of  the  chief  zonal  coefficient,  g\  or  my  (  —  ;?,„),  +0.3095 
from  A'  and  +0.3046  C.  G.  S.  from  Z.  Excluding  next  the  doubtful 
parallels,  they  obtain  for  the  region  60°N  to  60°S  a  yalue  of  ^J  = 
+  0.3000,  differing  from  the  yalue  for  80°X  to  80°S  by  0.0046  C.  G.  S. 
Owing  to  such  differences  the  authors  conclude  that  there  is  no 
sure  indication  of  a  system  of  magnetic  forces  aboye  the  Earth's 
surface.  It  would  be  a  matter  of  great  theoretical  interest  if  the 
data  utilized,  indeed,  warranted  stating  definiteh-  that  g\  from  the 
Z.  or  vertical  component,  is  altered  by  as  much  as  1.5  per  cent,  ac- 
cordinglx'  as  it  is  derived  from  the  region  60°N  to  60°S,  or  from  the 
region  80°X  to  80°S.  M\-  own  contention  (§4)  would  thereby  he 
greatly  strengthened,  namely,  that  the  Gaussian  coefficients  are  to 
be  regarded  at  first  as  purely  empirical  quantities  and  hence  stricth' 
applicable  only  to  the  region  of  the  Earth  from  which  they  are 
derived.  But  the  use  of  data  from  the  high  parallels  makes  the 
authors'  conclusion  less  convincing.  In  fact  they  state  (p.  88)  that 
"in  the  vertical  force  the  discordances  (between  their  observed  and 
formula  values)  are  very  large  in  high  latitudes  and  considerable 
everywhere." 

30.  The  authors  next  compute  the  components  A',  T,  Z,  on 
the  assumption  that  they  are  to  be  attributed  to  a  magnetic  poten- 
tial derived  from  the  coml:)ined  XY,  or  horizontal  system,  of  forces 
as  stated  in  §29,  and  then  form  residuals  (observed — formula),  not 
only  for  X  and   F,  but  also  for  Z.     They  have  excluded  the  hy- 
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potheses  of  an  external  system  and  of  a  non-potential  system,  and 
have  thus  made  an  extremely  interesting  experiment.  In  Table  11 
are  given  the  average  residuals,  regardless  of  sign,  of  X.  Y,  and  Z, 
derived  from  the  authors'  tables  on  pages  85-87  of  their  paper,  first 
(I)  for  region  60°X  to  60°S,  and  next  (II)  for  region  8()°X  to  80°S. 

T.\BLE  11. — Average  residuals,  regardless  of  sign,  in  units  of  third  decimal  C.  G.  S., 
and  in  percentages  of  absolute  values  of  X,  Y,  and  Z. 


Component 

Region  I 

Region  II 

60°N-60°S 

80°N-80°S 

X 

c.g.s. 
2.8 

1° 

c.g.s. 
4.0 

% 
2 

Y 

3.0 

6 

3.8 

7 

Z 

10.1 

3 

23.2 

6 

The  general  increase  of  the  average  residuals,  especially  for  Z,  when 
the  region  embraced  is  extended  to  80°X  and  80°S  is  at  once  seen. 
Furthermore,  from  the  percentage  columns,  it  appears  that  the 
representation  of  the  F-components  by  the  authors'  method  is 
relatively  much  inferior  to  that  for  the  -Y-components.  In  brief 
we  are  forced  to  conclude  from  the  authors*  residuals  that  it  is  not 
possible  to  get  an  equally  satisfactory  representation,  of  both  A'  and 
}'  by  assuming  the  existence  of  only  a  potential  system.  (Cf.  §19.) 
31.  Next  in  Table  12  will  be  found  the  a\erage  Z-residual  for 
each  parallel  80°N  to  80°S,  taking  now  account  of  sign. 

T.\Bi,K  12. — Average  Z-residual,  taking  into  account  sign  and  expressed  in  units  of 
third  decimal  C.G.S. 


NSO"  70° 

60° 

50° 

40° 

30° 

20° 

10° 

Eq. 

10° 

20°    30° 

40° 

50° 

60° 

70° 

80°S 

-47 

-34 

-23 

-11 

-6 

-5 

-3 

0 

0 

+4 

+  7  \  +  lO 

+  11 

+  16' -hi  3 

-32 

-74 

Note  the  large  residuals  especially  for  the  parallels  80°  and  70°,  in 
both  hemispheres;  excluding  these  uncertain  [xirallels,  it  is  seen  that 
the  a\erage  residual  is  systematically  minus  north  of  the  equator, 
systematically  plus  south  of  the  equator,  and  diminishes,  in  both 
hemispheres,  systematically  towards  the  equator.  In  brief  this 
sNstem  of  Z-residua!s  is  preciseh'  similar  to  the  effects  from  a  mag- 
netic system  above  the  Farth's  surface;  sec  for  example,  ms'  Table  3, 
section  3,  column  Z\  Thus  the  authors'  results  pro\e  that  it  is  not 
possible  to  get  a  satisfactory-  representation  of  the  Farth's  mag- 
netic field  by  the  assumption  of  only  internal  magnetic  sNstems. 
As  I  have  already  stated  in  my  conclusion,  §27/>.  we  must  either 
assume  3  distinct  systems,  /,  E,  A',  or  consider  the  A',  F,  and  Z 
systems,  as  each  repre.senting  a  distinct  system  of  magnetic  and 
electric  forces. 
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32.  Line  integrals  of  the  magnetic  force.  By  taking  line  integrals 
of  the  magnetic  force  along  parallels  of  latitude,  50°\  to  50°S,  the 
authors  ol)tain  results  which  they  say  are  "in  general  accordance 
with  Professor  Bauer's  conclusions  {Terrestrial  Ma<^netism,  vol.  2t), 
1920,  p.  153)  of  upward  vertical  currents  of  (positive)  electricity 
around  the  poles  and  downward  currents  in  the  tropics  of  the  order 
of  about  10  milliamperes  per  square  kilometer."  They  next  lake 
the  integrals  "round  contours  extending  from  latitude  30°N  to  30°S 
and  each  60°  in  longitude."  Now  because  the  results  of  these  dif- 
ferent areas  do  not  accord  well,  the\'  conclude  that  the  results  "can- 
not be  said  to  afford  confirmation  of  the  general  result."  The  au- 
thors apparently  expected  to  find  a  symmetrical  distribution  of  pos- 
sible vertical  currents  around  the  axis  of  rotation,  which,  of  course, 
need  not  be  the  case,  nor  is  it  found  to  be  the  case.  It  should  also 
be  pointed  out  that  a  line  integral  may  be  zero,  or  a  very  small 
quantity,  either  for  the  case  of  no  vertical  currents  flowing  through 
the  area  enclosed,  or  for  the  case  that  there  is  a  balancing  of  all  the 
upward  and  downward  currents  in  the  region.  We  computed  in 
1922  line  integrals  of  the  magnetic  force  for  circuits  of  the  Carne^^ic 
in  various  latitudes  and  made  under  various  conditions.  The  results 
obtained  were  in  general  harmony  with  our  previously  announced 
conclusions.' 

33.  At  the  British  Geophysical  Meeting  on  March  5,  1923,  Sir 
Arthur  Schuster  raised  a  very  interesting  point,  namely,  "that  he 
did  not  know  that  any  one  had  verified  that  the  magnetic  force  was 
accurately  at  right  angles  to  the  current  which  produced  it."  He 
said  further  that  he  had  "very  recently  met  the  statement  that, 
according  to  Einstein's  theory,  the  force  and  the  current  should 
not  be  exactly  at  right  angles." 

Xon-zero  values  of  line  integrals  of  the  magnetic  force  around  a 
closed  circuit  can  be  obtained,  either  if  there  is  an  unbalanced 
vertical  flow  of  electricity  through  the  area  enclosed,  or  by  any 
cause  which  would  systematically  deflect  a  compass  needle  in  such 
a  manner  as  to  leave  an  uncompensated  amount  after  the  circuit 
had  been  traversed. 

If  the  origin  of  the  Earth's  internal  magnetic  field  is  to  be  re- 
ferred to  electric  currents  circulating  within  the  Earth's  crust,  then, 
according  to  the  classical  theory,  a  compass  needle  would  always 
set  itself  at  right  angles  to  the  current.  Or,  if  we  went  complelelv" 
around  the  Earth  always  in  the  direction  at  right  angles  to  the  com- 
pass needle,  then  we  would  ever  follow  an  equipotential  line  or  the 
path  of  the  electric  current  causing  the  magnetic  field.  And  if  the 
electric  current  nowhere  cut  the  Earth's  surface,  we  ought,  under 
the  supposition  made,  return  at  the  end  of  the  journey  to  our  start- 
ing place.  If,  on  the  other  hand,  the  compass  needle,  taking  into 
account  possible  relativity  effects,  does  not  set  itself  precisely  at 
right  angles  to  the  electric  current,  but  differs  by  a  trifling  amount 

'Lot- IS  A.  Bauer  .wd  VV.  J.  Peters:  Lin?  integrals  of  the  Earths  magnetic  force  around 
ocean  areas,  Carnegif  Institution  Year  Bonk  for  1922,  pp.  296-297. 
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from  perpendicularity,  then  at  the  end  of  the  supposed  journey 
around  the  Earth  we  would  not  return  to  our  exact  starting  place. 
The  distance  apart  between  starting  (5)  and  ending  (£)  place  is  a 
measure  of  the  lack  of  fulfillment  of  the  classical  law  of  perpen- 
dicularity of  compass-direction  to  electric  current,  or  is  a  measure 
of  electric  currents  which  pass  perpendicularly  through  the  surface 
between  the  North  Pole  and  our  path  around  the  Earth.  Further- 
more, from  the  fact  that  E  is  either  north  or  south  of  S,  w^e  can  de- 
termine the  direction  of  deviation  of  the  compass  needle  from  per- 
pendicularity, whether  east  or  west  of  north,  or  the  direction  of  the 
currents,  whether  upwards  or  downwards,  of  the  vertical  current- 
system.  If  I  recall  rightly,  this  method  of  testing  the  existence  of 
vertical  currents,  or  of  equivalent  effects,  was  first  suggested  by  Sir 
Arthur  Schuster. 

Mr.  W.  J.  Peters,  of  the  Department  of  Terrestrial  Magnetism, 
has  constructed  the  paths  which  w^ould  be  followed  in  going  east- 
wardly  around  the  Earth  always  at  right  angles  to  the  conipass 
direction  as  indicated  by  the  British  Admiralty  charts  of  the  lines 
of  equal  magnetic  declination  for  1922.  Five  circuits  were  made, 
starting  out  each  time  from  the  meridian  of  Greenwich,  first  at 
50°N,  next  20°N,  third  at  the  equator,  fourth  at  20°S,  and  fifth  at 
50^S.  The  lack  of  closing  of  circuit,  that  is  the  difference  S  —  E  w^as 
found  to  be  of  such  a  systematic  character,  E,  on  the  average, 
falling  about  30  statute  miles  north  of  S,  that  some  explanation 
would  appear  to  be  called  for  regarding  the  correctness  of  the 
of  the  charts,  if  a  non-potential  s>'stem  does  not  exist.  This  matter 
will  be  treated  more  fully  in  a  separate  paper. 

At  present  I  see  no  reason  for  altering  any  of  the  conclusions 
announced  under  §27.  In  fact,  the  results  from  the  analysis  of  the 
Elarth's  magnetic  field  by  Sir  Frank  Dyson  and  Mr.  Furner  have 
strengthened  some  of  the  conclusions. 


PROPOSED    MAGNETIC    AND    ALLIED    OBSERVATIONS 

DURING  THE  TOTAL  SOLAR  ECLIPSE  OF 

SEPTEMBER  10,  1923. 

By  Louis  A.  Bauer  axd  J.  A.  Flkmixg 

Special  magnetic  and  allied  observations  will  be  made  at  stations 
inside  and  outside  the  shadow  belt  of  the  total  solar  eclipse  of  Sep- 
tember 10.  1923,  by  the  Department  of  Terrestrial  Magnetism  of 
the  Carnegie  Institution  of  \\'ashington,  and  by  various  co-operating 
magnetic  obser\'atories,  institutions,  and  indi\iduals.  The  dis- 
tribution of  the  magnetic  observatories  within  the  limits  of  the 
eclipse  and  on  both  sides  of  the  belt  of  totality  is  shown  by  the  ac- 
companying map  taken  from  the  American  Ephemeris  and  Nautical 
Almanac  for  1923  and  on  which  the  positions  of  these  observatories 
have  been  indicated. 

The  observatories,  either  within  or  near  the  limits  of  the  eclipse, 
are:  North  of  the  belt  of  totality,  Sitka  (Alaska),  Meanook  (Al- 
berta), Tucson  (Arizona),  Agincourt  (Ontario),  Cheltenham  (Mary- 
land), and  Vieques  (Porto  Rico) ;  to  the  south  of  the  belt  of  totality, 
Honolulu  (Heiwaii),  Cuajimalpa  (Mexico),  and  Huancayo  (Peru); 
while  just  outside  the  limits  of  the  eclipse,  at  beginning  and  ending, 
are  Kakioka  (Japan)  and  La  Quiaca  (Argentina).  Of  the  observa- 
tories, that  at  Tucson  is  particularly  well  situated,  being  only  about 
two  hundred  miles  from  the  central  path  of  the  eclipse;  the  maxi- 
mum obscuration  at  Tucson  will  be  about  ninety-two  per  cent.  It 
is  planned  that  the  Department  of  Terrestrial  Magnetism  will  have 
parties  at  two  (possibly  three)  stations  within  the  belt  of  totality  to 
make  magnetic  and  atmospheric-electric  observations.  The  I'nited 
States  Coast  and  (leodetic  Survey  will  ha\'e  one  special  party  for 
taking  magnetic  observations  within  the  belt  of  totality  in  southern 
California  and  will  have  special  observations  carried  out  at  its  ob- 
servatories. 

At  the  Mt.  \\'ilson  Observatory  of  the  Carnegie  Institution  of 
Washington  the  obscuration  will  amount  to  ninety-eight  per  cent. 
A  special  program  of  astronomical  observations  will  be  followed  by 
a  party  from  that  observatory  at  some  point  in  (^alifornia  within 
the  belt  of  totality,  and  it  is  planned  that  one  of  the  parties  of  the 
Department  of  Terrestrial  Magnetism  will  also  be  located  there, 
and  that  some  magnetic  and  allied  observations  may  be  made  at  a 
mountain  station,  for  example,  Mt.  Wilson. 

The  general  scheme  of  work  is  as  follows: 

1 .  Simultaneous  magnetic  observations  of  any  or  all  the  elements 
according    to    the   instruments   at    the   obser\cr's   disposal,    every 
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minute  from  September  10,  1923,  17''  28"*  to  24'^  02"^  Greenwich 
civil  mean  time. 

(To  insure  the  highest  degree  of  accuracy,  the  observer  should 
begin  work  early  enough  to  have  eveiy thing  in  complete  readiness 
in  proper  time.  Past  experience  has  shown  it  to  be  essential  that  the 
same  observer  make  the  readings  throughout  the  entire  interval.  If 
possible,  similar  observations  for  the  same  interval  of  time  as  on 
September  10  should  be  made  on  September  9  and  11.) 

2.  At  magnetic  observatories  all  necessary  precautions  should  be 
taken  to  insure  that  the  self-recording  instruments  will  be  in  good 
operation  not  only  during  the  proposed  interval,  but  also  for  some 
time  before  and  after,  and  eye-readings  should  be  taken  in  addition 
wherever  it  is  possible  and  convenient.  (//  is  recommended  that,  in 
general,  the  magnetograph  be  run  on  the  usual  speed  throughout  the 
interval,  and  that,  if  a  change  in  recording  speed  be  made,  every  pre- 
caution possible  be  taken  to  guard  against  instrumental  changes  likely 
to  afect  the  continuity  of  the  base-line.) 

3.  Atmospheric-electric  observations  are  desirable  to  the  fullest 
extent  made  possible  by  the  available  equipment  and  personnel. 
Observations  of  potential  gradient  are  most  easily'  provided  for  and 
most  conveniently  taken;  in  addition  to  these,  observations  (pre- 
ferably for  both  signs)  of  either  conductivity  or  ionic  content  are 
also  very'  desirable.  Full  notes  regarding  cloud  and  wind  conditions 
and,  if  possible,  observations  for  both  temperature  and  relative 
humidity  should  accompany  the  atmospheric-electric  observations. 
These  observ'ations  should  cover  the  same  interwal  as  the  magnetic 
obser\ations.  The  \alue  of  the  observations  on  the  day  of  the 
eclipse  will  be  greatly  increased  if  similar  observations  can  be  made 
during  the  same  time  of  day  on  two  or  three  days  before  and  after 
the  eclipse. 

4.  Meteorological  observations  in  accordance  with  the  observer's 
equipment  should  be  made  at  convenient  periods  (as  short  as  pos- 
sible) through  the  interval.  It  is  suggested  that,  at  least,  tempera- 
ture be  read  every  fifth  minute  (dir.'Clly  after  the  magnetic  reading 
for  that  minute). 

5.  Observers  in  the  belt  of  totality  are  requested  to  take  (ho  mag- 
netic reading  exery  30  seconds  during  the  inlerval.  10  minutes 
before  to  10  minutes  after  the  time  of  totality,  and  to  read  tempera- 
ture also  every  30  seconds,  between  the  magnetic  readings. 

It  is  hoped  that  full  reports  will  be  forwarded  as  soon  as  possible 
for  publication.  Those  interested  are  referred  to  the  results  of  the 
obscrvatif)ns  made  during  the  solar  eclipse  of  May  29,  1919,  which 
were  published  in  the  December.  1919,  and  in  the  June,  September, 
and  December,  1920,  issues  of  Terrestrial  Mavnctism  and  At- 
mospheric Electricity.  The  obser\ations  and  reports  for  11  obserx'a- 
tories  (including  a  temporary  magnetic  obserxatory  at  Christmas 
Island)  and  10  field  stations  where  special  programs  were  followed 
during  the  eclipse  of  September  21.  1923,  are  now  being  compiled. 
It  is  hoped  that  the  publication  of  these  reports  may  be  begun  soon. 
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General  Circumstances  of  the  Total  Solar  Eclipse  of  September  10,  1923. 

Greenwich  civil       Longitude 

mean  time  from  Latitude 

Phase  Greenwich 


171  51  E 

154  18  E 

128  16W 

63  51\V 

80  31W 


36 

48 

37 

13 

2 


51 
16 
58 
43 
15 


Eclipse  begins Sep.  10   18   14 . 3 

Central  eclipse  begins     10  19   16.9 

Central  eclipse  at  local  apparent  noon.  10  20  30.2 

Central  eclipse  ends 10  22   17.4 

Eclipse  ends 10  23   19.9 

Additional  details  regarding  this  eclipse  and  meteorological  and 
living  conditions  at  places  within  the  belt  of  totality  may  be  ob- 
tained from  the  following  references: 

Gallo,  J.  El  eclipse  total  de  Sol  del  10  de  Septiembre  de  1923.     Mem.  Soc.  An- 
tonio Alzate,  Mexico,  v.  37,  No.  3,  Aug.  1920  (189-192  with  pi.). 
Gallo,  J.    The  total  eclipse  of  September  10,  1923.    Pop.  Astr.,  Northfield,  Minn., 

V.  27,  No.  3,  March  1919  (133-135). 
Total  eclipse  of  September  10,  1923.     Pop.  Astr.,  Northfield,  Minn.,  v.  31,  No.  1 

January  1923  (42). 
Abbot,  C.  G.     The  solar  eclipse  of  September  10,  1923  (information  regarding 

conditions  at  Ensenada).    Science,  New  York,  N.  Y.,  N.  S.,  v.  57,  No.  1473 

March  23,  1923  (353-354). 
Campbell,  \V.  \V.     Report  of  the  Eclipse  Committee  March  1923  (29th  meeting 

of  the  American  Astronomical  Society).    Pop.  Astr.,  Northfield,  Minn.,  v.  31, 

No.  4,  April  1923  (260-266). 
Rigge,  Wm.  F.     Eclipse  of  the  Sun,  1923,  September  10,  as  visible  in  the  United 

States.    Pop.  Astr.,  Northfield,  Minn.,  v.  31,  No.  5,  May  1923  (339-341). 
Dep.\rtment  of  Terrestrial  M.\gnetism, 
C.\RNEGiE  Institution  of  Washington. 

TOTAL  ECLIl'.SK  OF  SEPTEMBER  10.  19l'.{ 

(Astronomical  reckoning.) 


Magnetic  OfceerTstorleo  are  Indicated  by  clrclee  (Q  1 
Note:  Th»   hours  of  ieglnnlnp  and  ending  are  expressed  In  Creenvleh  Mean  Ti«e 


PROVISIONAL  SrX-SPOT  NUMBERS  PX^R  OC  TOBKR  1922 
TO  MARCH  1923. 

By  a.  Wolfer. 

Table  1. — October  to  December  1922.      T.-vble  2. — Janu.\ry  to  March  1923. 


1922 

1923 

Day 

October 

November 

December 

Day 
1 

January 

February 

March 

1 

10 

12 

28 

0 

2 

8 

27 

2 

32 

0 

0 

3 

8 

25 

3 

10 

0 

0 

4 

9 

0 

23 

4 

0 

5 

0 

7 

23 

5 

6 

0 

6 

0 

8 

22 

6 

0 

0 

7 

15 

7 

0 

7 

8 

9 

15 

8 

0 

0 

9 

' 

18 

9 

0 

0 

0 

10 

9? 

12 

17 

10 

0 

0 

0 

11 

11 

11 

0 

12 

18 

0 

12 

0 

13 

8 

13 

0 

9 

0 

14 

7   i 

0 

14 

0 

8 

15 

7 

15 

0 

16 

I 

0 

16 

7 

7 

17 

io 

7 

0 

17 

0 

18 

18 

0 

0 

0 

19 

•  • 

7 

6 

19 

0 

0 

0 

20 

. 

0 

20 

0 

7 

21 

11     11 

21 

7 

0 

0 

22 

22 

7 

<l 

12 

23 

0 

2.^ 

.S 

II 

10 

24  1 

•  • 

24 

0 

0 

/ 

25             0 

25 

8 

26             0 

40 

26 

0 

7 

27             0 

-14 

27 

0 

0 

28 

47 

28 

8 

0 

0 

29 

29 

13 

30 

7        8 

30 

15 

31 

9 

35 

31 

16 

Mean 

8.1 

1     '•' 

18.7 

Mean 

5.3 

1.6 

4.0 

Me 

an  for  year  1922,  R  = 

14.7 

SlerWiiHirte,  Zun'rii. 
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THH  c'ritp:rio\  of  magnetic  disturbaxck. 

By  Charles  Chree. 

1.  A  primar}-  desideratum  is  to  arrive  at  a  clear  idea  (A  exactly 
what  it  is  we  want  to  measure.  If  our  object  is  simply  to  discrimi- 
nate between  the  days  of  a  single  month,  with  a  view  to  selecting 
for  special  purposes  the  five  quietest  or  five  most  disturbed  days  of 
the  month,  it  is  very  doubtful  whether  the  existing  scheme  of  in- 
ternational "character"  figures  can  be  improved  on.  Its  simplicity 
and  the  small  amount  of  labor  it  entails  are  great  recommendations. 
The  disad\'antages  it  seems  to  me  to  possess  are:  1.  The  significance 
of  any  particular  "character"  figure,  e.  ».,  1.5.  is  variable;  it  con- 
notes decidedly  less  disturbance  in  a  quiet  than  in  a  disturbed  year. 
Also,  while  the  mean  "character"  figure  for  the  year  does  to  a  cer- 
tain extent  wax  and  wane  with  disturbance,  the  variation  seems 
to  me  inadequate;  2.  The  assigning  of  "character  figures"  at  an 
individual  station  is  la^-gely  a  ps\chological  process,  depending  on 
the  temperament  and  knowledge  of  the  judge.  The  standards  in 
use  at  different  stations  at  the  same  time  are  widely  different,  and 
the  standard  in  use  at  an\-  particular  station  may  vary  largely  from 
time  to  time.  The  "character"  figures  supplied  by  any  two  stations 
do  not  suffice  for  a  satisfactory  intercomparison  of  the  stations,  and 
if  we  wish  to  compare  one  year  or  season  with  another  the  inter- 
national "character"  figures  lea\'e  a  great  deal  to  be  desired. 

2.  The  first  serious  attempt  to  arrive  at  an  exact  nunierical 
measure  is  due  to  Ridlingmaier.  His  point  of  departure  was  the 
formula  for  the  energy  of  a  magnetic  field 


iS.f.f^-'^"-+^''+^'>''-'''yd.. 


where  X,  Y,  Z  denote  the  three  rectangular  components  of  force. 
If  AX,  AY,  AZ  denote  (algebraic)  departures  from  "normal" 
values  Xq,  Y^,  Z^,  we  may  replace  the  above  integral  by 


^„  +  /,  +  /.. 
where 


!,  =  ffj   'o  ^^-v  ^v  dz,  with  /„  =  (X,2-f  I'.,-+Z/)  87r 

7^  =  r  r  r  /,  dx  dy  dz,  with  /,  =  (X^AX-f  Y,A  F+ZoAZ)/47r- 

I,=  j  ff  i,  dx  dy  dz,  with  /,  =  ( AA'2+  A  1-+  AZ^')  Stt. 

To  obtain  the  total  energy,  the  integration  must  extend  throughout 
the  whole  magnetic  field,  and  there  is  not  necessarily  any  simple 
5  33 
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relation  between  the  result  of  this  volume  integration  and  the  result 
obtained  from  a  surface  integration  of  %,  ?",,  and  z',  over  the  Earth's 
surface.  For  the  present  purpose  /„  and  i^^  as  constants  may  be 
neglected.  Bidlingmaier  defined  his  "activity"  as  the  mean  value 
of  i.,  tor  the  day  at  the  station  concerned.  To  obtain  a  fair  mean 
vlaue  of  ^2  over  the  Earth's  surface,  we  would  require  data  from  a 
very  large  number  of  well-distributed  stations.  As  no  such  dis- 
tribution of  stations  exists,  we  cannot  really  get  a  fair  equivalent 
to  surface  integration  of  i,;  and,  even  if  we  did,  the  result  would 
not  stand  in  any  known  relationship  to  the  corresponding  mean 
value  of  /,.  We  must,  in  short,  regard  Bidlingmaier's  use  of  i.^  as 
based  on  analogy.  His  "activity"  waxes  and  wanes  with  disturb- 
ance, and  so  may  be  regarded  in  a  sense  as  measuring  disturbance. 
But  it  includes  not  merely  disturbance,  but  also  the  regular  diurnal 
\ariation,  and  it  does  not — like  the  present  international  "char- 
acter" figure — \anish  for  the  quietest  of  days. 

3.  It  is  hardly  likely  that  Bidlingmaier  o\'erlooked  the  exist- 
ence of  /,.  He  may  ha\-e  supposed  that  the  mean  \alue  of  /,  for  a 
day  over  the  whole  Earth  was  likely  to  vanish,  the  signs  of  £\X, 
A  F,  and  AZ  being  now  plus  now  minus;  or  he  ma\'  simply  have 
recognized  that  /,  is  too  uncertain  a  quantity  for  practical  use. 
The  suitability  of  Bidlingmaier's  "acti\"ity"  as  a  measure  of  dis- 
turbance was  considered  by  several  magneticians,  myself  included. 
If  the  existence  of  /,  had  escaped  my  notice — which  was  not  the 
case — my  attention  would  have  been  called  to  it  by  some  remarks 
on  its  omission  by  Sir  J.  J.  Thomson  on  an  occasion  when  a  paper 
containing  some  "activity"  results  for  British  stations  was  read 
before  the  Royal  Socictv.  It  seemed  to  me  that  whatexer  import- 
ance /,  might  possess  in  an  actual  calculation  of  the  energy  of  ihe 
Earth's  field,  /',  was  a  quite  unsuitable  quantity  for  use  in  estimating 
the  disturbance  shown  by  magnetic  curves  at  indixidual  stations. 
The  sign  of  7,  would  vary  as  the  elements  rose  abo\(.'  or  fell  below 
their  normals.  Take,  for  simplicity,  the  case  of  a  station  on  the 
agonal  line  and  in  the  magnetic  efjuator.  Taking  A'  to  the  north. 
we  have 

l,,  =  Zo  =  0,    A'q  =  //  (horizontal  {ovc^). 

The  amplitude  and  sign  of  /,  would  depend  solely  on  the  amplitude 
and  direction  of  the  change  in  //.  "Suppose  a  magnetic  storm  of  long 
duration  to  ha\e  a  large  S.  C\  (sudden  c(mimencement),  with  a 
"crest"  extending  over  the  e\ening  hours  of  the  first  day  of  dis- 
turbance. Suppose  the  second  da\'  to  present  a  succession  of  large 
oscillations,  now  on  the  plus  now  on  the  minus  side  of  the  normal, 
finishing  up  with  the  depression  customary  in  low  and  mean  lati- 
tudes at  the  end  of  large  storms.  Suppose  the  third  day  of  dis- 
turbance to  commence  with  a  big  depression,  but  to  lu'  free  from 
any  large  oscillations,  lunploying  /,  to  represent  the  (algebraic) 
mean  \alue  of  /,  for  the  day,  we  should  ha\e  /,  large  and  positive 
fur  the  first  da>-,  numericalh'  large  but  negati\e  for  the  third  day. 
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and  possibK-  zero  for  the  iiUermediate  day,  which  to  the  ordinary 
man  would  seem  much  the  most  disturbed  da>'  of  the  three. 

A  difficult  question  would  at  once  arise  as  to  how  to  arrive  at  the 
"normal"  values  for  the  day.    The  secular  change  would  have  to  be 
allowed  for.     Its  mean  value  for  the  year  would  be  imknown  until 
the  year's  end,  and  the  absolute  values  of  the  elements  might  pos- 
sess an  annual  inequality.     Then    should  our  normals  be  derived 
from   all  days  or  from  quiet-day  results ]"     In   ordinarv  latitudes 
quiet-day  monthly  means  of  //  usually  exceed   all-day  monthly 
means,  the  excess  being  of  the  order  of  37.     If  we  suppose  X  = 
3OOOO7,  and  A  A'  =  ^7,  we  get  X  AX  =  (3OO7)-.      Obviously,  in  low 
magnetic  latitudes,  in  quiet  days,  the  uncertainty  from  this  cause 
in  the  value  of  ?',  would  be  all-important.    Another  consideration 
IS  that  for  the  Earth  as  a  whole,  the  mean  value  of  i,  will  largely 
depend  on  the  phenomena  in  high  magnetic  latitudes,  where,  at 
present,  observatories  hardly  exist.     For  just  as  the  value  of  /,  in 
low  magnetic  latitudes  is  mainly  dependent  on  HAII,  so  in  high 
latitudes  it  is  mainly  dependent  on  ZAZ,  supposing   s   vertical. 
Large  as  H  is  near  the  magnetic  equator,  Z  is  twice  as  large  near  the 
poles.     Also,  while  changes  in  Z  are  usually  small  compared  with 
those  in  H  in  low  magnetic  latitudes,  this  is  less  the  case  as  the  lati- 
tude increases.     The  changes  in  Z  observed  in  high  latitudes,  in 
moderately  disturbed  days  are  in  fact  usually  larger  than  the  corre- 
sponding changes  in  H  observed  in  low  latitudes.     Thus  the  mean 
value  of  /'i  over  the  Earth's  surface  for  any  gi\-cn  day  is  likely  to  be 
largely  influenced  by  the  contributions  from  ZAZ  in  high  latitudes. 
4.     The  first  serious  attempt  known  to  me  to  emplov  the  in- 
tegral to  calculate  the  true  energy  of  a  magnetic  storm  is  due  to 
Prof.  S.  Chapman,  who  recognized  the  existence  of  both  /,  and  /,. 
Chapman^  described  /,  as  the  "self-energy"  integral,  and  I,  as  the 
"joint-energy"  integral.     /,,  he  savs.  "is  equal  to  what  would  be 
the  energy  of  the  disturbance  field  if  existing  bv  itself,  in  the  ab- 
sence of  the  permanent  field."    While  I„  he  says,'  "has  usually  been 
neglected,  on  the  ground  that  the  permanent  and  disturbance  fields 
being  independent,  on  the  axerage  there  will  be  no  net  gain  or  loss 
due  to  their  superposition.     This  is  true  as  regards  the  harmonic 
components  corresponding  to  local  irregular  fluctuations  of  mag- 
netic force  during  the  storm,  and  also  as  regards  what  I   (Chap- 
man)   have   elsewhere    termed    the    'local   time   variations,'  which 
manily    represent    a    longitudinal    inequality    in    the    world-wide 
diminution  of  horizontal  magnetic  intensity.     But  it  is  not  true  of 
the   harmonic   component   corresponding   to   the   latter   variation, 
averaged  along  each  circle  of  latitude,  and  the  term  hence  arising  in 
the  joint-energy  integral  proves  to  be  the  most  important  part  of 
the  whole  excess  energ\-." 

As  the  precise  way  in  which  this  "excess  energ\"  arises  from  /, 
is  of  interest  in  the  present  connection,  I  will  quote  what  Chapman 
says  on  the  subject  in  his  §14,  premising  by  way  of  explanation  that 

'R.  A.  S.  Notices,  vol.  79  (1919),  p.  70. 
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C^hapman  supposes  the  ultimate  cause  of  the  storm  to  be  an  over- 
head "current  sheet."  He  proceeds:  "The  sign  of  the  joint-energy 
integral  is  positive,  representing  an  increase  'n  the  energy  of  the 
magnetic  field.  This  may  seem  curious,  considering  that  the  most 
notable  efifect  of  magnetic  storms  is  to  diminish  the  horizontal  mag- 
netic intensity.  The  above  value  of  BQ  (potential),  however,  corre- 
sponds to  an  increase  in  the  magnetic  field  within  the  Earth  and 
outside  the  atmospheric  current-sheet.  Only  between  the  two  is  there 
anyw^here  a  diminution  of  field  intensity,  and  that  only  near  the 
equator;  for  while  the  horizontal  force  is  diminished,  the  vertical 
forc2  is  increased,  so  that  near  the  poles  the  energy  of  the  field  is  in- 
creased. As  has  been  seen  in  §13,  the  two  effects  just  balance,  and 
the  total  energy  of  the  field  between  the  Earth's  surface  and  the 
current  sheet  is  unaffected." 

What  this  all  means  is  that,  taking  a  certain  hypothetical  storm. 
Chapman  found  1.^/1^  small.  The  value  of  /j  arose  not  from  oscilla- 
tory movements,  but  from  the  depression  in  H,  customary  in  the 
latter  part  of  magnetic  storms,  and  the  corresponding  increase 
usually  obserxed  in  the  vertical  force.  The  \olume  integral  had  to 
be  taken,  first  throughout  the  interior  of  the  Earth,  second  through- 
out space  exterior  to  the  hypothetical  overhead  current  sheet 
causing  the  storm,  and  third  for  the  space  between  the  Earth  and 
the  current  sheet.  The  last  space  is  the  only  one  of  which  we  have 
direct  cognizance,  and  its  contribution  to  the  value  of  /,  was 
exactly  zero. 

To  reach  any  numerical  results  at  all,  heroic  hypotheses  were 
indispensable,  and  the  probability  attaching  to  the  hypotheses 
which  Chapman  actually  did  make  will  probably  be  very  differently 
assessed  by  different  people.  But,  howe\'er  this  may  be,  his  in- 
vestigations at  least  show  how  risky  it  would  be  to  draw  any  in- 
ference as  to  the  relationship  between  the  real  energy  integral  /, 
and  the  surface  integral  of  /,  over  the  Earth's  surface. 

I  am  uncertain  whether  Chapman  relied  on  theory  or  on  ob- 
servation for  the  truth  of  the  statement  that  a  magnetic  storm 
nomially  raises  the  vertical  force  while  depressing  //.  The  regions 
in  which  the  truth  of  the  statement  is  of  primary  importance  in  the 
present  connection  are  the  high  magnetic  latitudes,  respecting 
which  our  information  has  hitherto  been  very  scanty.  But,  as  a 
matter  of  fact,  the  statement  does  seem  in  general  accordance  with 
the  phenomena  observed  in  the  Antarctic  in  1911-13  by  the  Scott 
and  Australasian  expeditions. 

5.  Somewhat  later  Dr.  Bauer,'  who  was  apparently  unaware 
of  Chapman's  work,  gave  reasons  for  belie\ing  that  Bidlingmaier's 
neglect  of  7,  was  unjustifiable.  In  Dr.  Bauer's  formula  (6),  §20, 
/.  f.  p.  55,  there  appears  XdX-\-  YdY+^^ZdZ  in  place  of  A'^AA'-I- 
I'oA  F-|-Z„AZ  in  /,.  There  is  no  real  difference,  as  Dr.  Bauer  uses 
d  instead  of  my  A  to  denote  departure  from  the  standard  \alue, 
except  as  regards  the  '4  appearing  in  the  Z-term.     1  )r.  Bauer  is  here 

'Terr.  Mag.,  vol.  XXVI,  pp.  Si  el  se/. 
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dealing?  with  a  special  hypoihcsis,  not  with  the  complete  Farth's 
field,  and  he  regards  [dX]-,  etc.,  apparently  as  negligible.  But  in 
his  next  section,  21,  his  equation  at  the  top  of  page  .S6- assuming 
the  index  2  outside  the  bracket  in  the  expression  {Z^-  —  Z^-)~  a  print- 
er's error— would  clearly,  if  expanded  in  full,  agree  with  Chapman's 
form  of  ;',.  Even  if  the  factor  K  were  correct.  I  should  be  unable  to 
accept  Dr.  Bauer's  conclusion  (/.  c.  section  23,  p.  57).  "Fortunately 
it  turns  out  that,  excepting  for  stations  of  high  magnetic  latitude, 
the  JZ-term  is,  in  general,  negligible  in  comparison  to  the  combined 
quantity  XdX-\-YdY  =  IIdFL"  Here  dX,  dY,  and  dH  represent 
departiires  from  the  mean  values  of  the  horizontal  components, 
X  and  r,  and  the  horizontal  intensity,  H,  but  in  the  numerical 
illustrations  thus  far  given  by  Dr.  Bauer,  he  uses  for  dll  the  daily 
range  of  H. 

6.  Let  us  now  consider  the  practical  side  more  closely.  None 
of  the  new  criteria  considered  recently  by  Dr.  van  Dijk'  or  Dr. 
Bauer"  can  really  supply  a  direct  measure  of  disturbance  alone,  as 
customarilv  understood!  All  the  criteria  give  finite  values  for  any 
day,  however  quiet.  On  the  quietest  of  days,  in  years  of  sunspot 
minimum,  the  range  shows  no  approach  to  zero.  Any  criterion 
based  on  the  daily  range  which  is  intended  to  supply  a  zero  value 
on  an  ideallv  quiet  dav  should  be  a  function  of  R-Ro^  where  R  is 
the  range  for  the  particular  day  and  R^  that  for  the  ideal  quiet  day. 
Now  the  range  on  the  quietest  days  experienced  is  continually  vary- 
ing with  the  season  of  the  year,  and  with  the  sunspot  frequency. 
We  should  thus  really  require  a  constantly  varying  R^.  It  is  difficult 
to  see  how  this  could  be  assigned,  even  at  stations  with  many  years 
of  accumulated  records.  At  a  new  station  the  difficulty  would  seem 
insuperable. 

An  obvious  objection  to  any  ciiterion  based  solely  on  the  daily 
range — whether  the  absolute  range,  or  a  range  from  mean  hourly 
values,  whether  the  range  of  a  single  element  or  a  combination  of 
ranges  from  several  elements— is  that  a  single  large  oscillation 
limited  to  part  of  one  hour  may  supply  both  the  maxirnurn  and 
minimum  for  the  day,  and,  so  far  as  the  disturbance  criterion  is 
concerned,  it  is  immaterial  whether  the  remainder  of  the  day  is 
absolutelv  quiet  or  continuously  and  highly  disturbed. 

In  this  respect  Bidlingmaier's  "activity"  is  undoubtedly  su- 
perior, and  the  same  is  true  of  a  criterion  applied  by  Dr.  Crichton 
Mitchell  involving  the  sum  of  the  squares  of  the  absolute  hourly 
ranges  of  the  three  components.  The  objection  to  both  these 
measures  is  the  amount  of  labor  entailed.  This  objection  has,  I 
think,  been  considered  absolutely  fatal  by  all  w^ho  have  considered 
Bidlingmaier's  "activitv"  critically.  It  was  the  recognition  of  this 
that  led  me  to  suggest  'C(R;--\-R.f'-\-R-c),  where  C  is  any  convenient 
constant,  and  R„  R,,  R^  the  absolute  daily  ranges  for  three  rectangu- 
lar components.  The  claim  made  for  tliis  criterion  was  not  that  it 
possesses  an  exact  ascertainable  physical  meaning,  but  simply  that 

•K.  Ned.  Mel.  Inst.  No.  102,  1922.  Terr.  Mag.,  vol.  XXVII,  p.  3). 
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it  is  a  quantity  of  the  same  nature  and  order  as  Bidlingmaier's 
"activity,"  showing  a  fair  general  parallelism  from  day  to  day  with 
that  "activity,"  but  involving  a  comparatively  trifling  amount  of 
labor  for  its  evaluation.  It  would  undoubtedly  wax  and  wane  with 
disturbance,  and  give  a  measure  independent  of  the  eccentricities  of 
the  human  element.  I  really  entertained  a  doubt  whether  i?,-  + 
R:r-^E^"  or  {R{-\-R}-\-R.^y'\\o\\W  be  the  better  criterion.  The  latter 
quantity  would  be  free  from  what  Dr.  Rauer  seemingly  considers 
a  defect  in  the  former,  \'iz.,  that  the  contribution  from  a  single  day 
may  be  a  considerable  fraction  of  the  contribution  from  the  whole 
month.  To  me  there  seems  no  obvious  reason  why  the  contribution 
from  a  single  day  of  exceptional  disturbance  should  not  equal  the 
sum  of  the  contributions  from  many  days  of  little  disturbance. 
This  is  exactly  what  happens  at  times  with  some  of  the  meteoro- 
logical elements.  The  rainfall  from  a  single  day  may  exceed  the 
rainfall  from  the  remaining  days  of  the  month.  The  travel  of  the 
wind  in  twenty-four  hours  of  a  great  gale  may  exceed  that  of 
twenty  calm  days.  The  point  I  think  is  really  this: Does  doubling 
the  absolute  range  represent  on  the  average  merely  a  twofold  dis- 
turbance? If  such  be  the  case,  then  a  criterion  having  the  order  of 
the  first  power  of  the  range  is  desirable.  If,  howe\-er,  it  appears  on 
consideration  that  doubling  the  range  answers  more  nearly  to 
quadrupling  the  disturbance,  then  the  second  power  of  the  range  is 
desirable  in  the  criterion.  This  point  might,  perhaps  with  advan- 
tage, be  referred  to  a  jury  of  magneticians. 

The  absolute  daily  range  of  a  single  element  whether  //  or  D, 
N  or  W — forms  a  very  fair  criterion  for  discriminating  between  the 
quiet  and  disturbed  days  of  the  month.  I  speak  from  considerable 
experience,  having  employed  H  and  D  ranges  separately  for  investi- 
gations covering  long  periods  of  years.  In  low  latitudes  //  is  a  much 
more  disturbed  element  than  D,  and  if  only  one  element  is  to  be 
used,  Jl  in  these  latitudes  would  be  much  the  best.  But  in  mean 
latitudes  the  disturbance  in  D,  when  translated  into  force,  i.s  quite 
comparable  with  that  in  //;  and  it  not  infrecjuently  happens  that 
the  disturbance  shown  by  the  one  element — D  one  day,  Jl  another — 
is  markedly  in  excess  of  that  shown  by  the  other.  Thus  the  relative 
positions  of  the  days  of  a  month  arranged  in  order  of  disturbance 
would  depend  on  which  element  supplied  the  criterion.  Again  there 
are  occasions,  increasing  in  frequency  with  the  magnetic  latitude, 
when  the  vertical  force  range  rivals  that  of  the  horizontal  compo- 
nents. 'Ihcse  considerations  suggest  the  adoption  of  a  criterion 
in\-ol\  ing  the  ranges  of  all  three  elements. 

7.  To  a\-oid  throwing  excessive  labor  on  the  central  station, 
I  would  suggest  that  the  data  sent  to  it  from  each  co-operating 
station  should  be  the  mean  value  of  the  criterion  calculated  from 
all  days  of  the  month,  with  the  ratios  borne  to  this  mean  by  the 
daily  values.  For  instance,  if  R ^- -'t R .: -\- R ^-  were  the  criterion,  the 
monthly  data  sent  up  would  consist  of  Ci R^--]-R.f-\-R^y  —  \\\X.\\  C 

'I!rre77,:-^y7,'  +  7?3'  siKtiifics  the  mean  value  of /{,'  + Afl•^  K,-.  The  distinrtion  between  the 
mean  scjuare  an'l  the  square  of  the  mean  must  be  remembered. 
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any  coincnicnt  constant  agreed  on — the  arithmetic  mean  value 
for_lhe  month,  and  the  daily  values  of  the  ratio  (R^--\-R.f-{-R^-)  (R^^ 
-\-R.f-\-R./-).  If  the  criterion,  on  the  other  hand,  were  the  first- 
power  daily  ranges  uncomliiiied  the  data  sent  up  might  be  the 
separatearithmetic  means  R^,  R.,,  and  R.„  and  the  dailv  values  of 

}4[(J^JR,)  +  (RJR.;)-^(R,/R,)].  In  any  case  it  would  probably 
suffice  to  give  these  single  station  daily  ratios  to  0.1.  The  central 
station  could  then  find  the  arithmetic  mean  of  all  the  daily  ratios 
assigned  to  a  single  day,  and  assign  this  as  the  international  "char- 
acter" figure  for  the  day.  In  this  way  co-operating  stations  would 
have  practically  equal  weight,  as  at  present,  in  the  final  estimate. 
These  final  figures  could  serve  for  discriminating  between  the  days 
of  a  single  month,  just  as  the  present  international  "character" 
figures  do;  Avhile  the  mean  monthly  values  of  the  criterion  would 
ser\'e  for  the  intercomparison  of  different  years  or  seasons. 

If  a  criterion  having  the  dimensions  of  the  first  power  of  a  range 
is  deemed  best,  my  own  \-iew  is  that  {R^'-^R^--\-R./)>^'  would  utilize 
all  three  ranges  in  a  more  satisfactory  way  than  i?,-f-i?2+-^3-  I"  or 
a    daily_  "character"    figur^    [(i?^2_^i?/+i?^2) /('^^2_^^^2_|_^^?)j^.    or 

H[(R,  R,)-\-iR,'R,)-\-(R,  R,)]  seems  to  me  djstinc^tly _preferable 
from  a  physical  point  of  view  to  (R,-{-R.,-\-R^)/(R,-\-R,-^R;). 

So  far  as  measurement  of  the  curves  is  concerned.  R^"^Rj--\-Ry' 
implies  no  more  labor  than  R^-\-R.,->rR^.  It  implies  some  more 
arithmetic,  but  only  very  little  if  Crelle's  table  of  squares  is  used. 
As  a  daily  "character"  figure  ys['R,  R,)-\-(R,/R,)-\-(R,  R^)]  has 
a  certain  advantage,  inasmuch  as  it  is  independent  of  the  scale 
values,  assuming  these  constant  across  the  sheet,  and  so  is  unafTected 
by  any  errors  in  scale  values.  Scale  \alue  errors  would,  however, 
effect  the  monthly  mean  values  as  much  in  this  case  as  in  any  other. 

The  use  of  ranges  from  mean  hourly  values  ascribed  by  Dr. 
Bauer  to  Prof.  Ad.  Schmidt  would  give  increased  importance  to  the 
regular  as  compared  with  the  irregular  movements  of  the  day. 
This  would  seem  a  step  in  the  wrong  direction,  if  it  is  disturbance 
that  we  specially  wish  to  measure. 

It  is  obviously  desirable  that  all  stations  participating  in  an 
international  scheme  should  use  the  same  criterion.  There  are  some, 
possibly  a  good  many,  stations  whose  vertical  force  records  are  less 
reliable  than  those  of  D  and  H,  and  it  is  possible  that  the  inclusion 
of  all  three  elements  in  the  criterion  might  lead  to  the  exclusion  of 
several  stations.  Again,  it  is  possible  to  assign  "character"  figures 
0,  1,  2  at  stations  where  disturbances  due  to  electric  trains  and 
trams  would  pre\-ent  reliable  measures  of  ab.solute  ranges.  Thus 
there  are  undoubtedly  a  certain  number  of  stations,  participating 
in  the  present  international  scheme,  which  would  be  likely  to  drop 
out  if  exact  measurements  became  necessary  of  the  absolute  ranges 
of  three  elements. 

Another  consideration  is  that  loss  of  trace  would  become  much 
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more  serious.  At  present,  so  far  as  the  "character"  figure  is  con- 
cerned, it  is  immaterial  whether  a  \ery  large  magnetic  storm  is 
completely  recorded  or  not  at  a  particular  station.  With  half  the 
full  range  shown,  the  ordinary  judge  would  assign  a  2,  and  more  he 
cannot  give.  Rut  when  the  criterion  depends  on  the  absolute  size 
of  a  range  it  is  different.  The  procedure  to  be  followed  in  the  case 
of  loss  of  trace  would  call  for  careful  consideration. 

The  best  policy — at  least  for  a  time — would  probably  be  to  continue 
the  existing  scheme  at  all  stations,  and  get  a  limited  number  of  repre- 
sentative iveU-equipped  stations  to  obtain  ifi  addition  results  from  the 
new  scheme,  whatever  that  might  be. 

8.  A  few  comments  on  the  comparative  figures  gi\cn  by  Dr. 
Bauer, ^  as  obtained  froin  Dr.  van  Dijk's  publication,'-  may  be  of 
service.  All  the  magnetic  criteria  applied  in  columns  2  (Bi)  to  6 
give  results  which  increase  with  the  range,  irrespective  of  the  pres- 
ence of  disturbance.  The  regular  diurnal  \'ariation  is  naturally 
much  smaller  at  midwinter  than  in  summer.  This,  no  doubt, 
tended,  as  De  Bilt  is  a  northern  station,  to  depress  the  values  in 
January,  February,  No\"ember,  and  December.  A  really  fair  inter- 
comparison  of  the  sexeral  months  of  the  year  would  require  the 
southern  and  northern  hemispheres  to  be  equally  represented.  In 
the  case  of  the  present  "character"  figures  there  is  some  representa- 
tion of  the  southern  hemisphere,  also  the  majority  of  the  co-operat- 
ing stations  in  the  northern  hemisphere  are  in  lower  latitudes  than 
De  Bilt,  where  the  difference  between  summer  and  winter  is  less. 
This  is  presumably  accountable,  at  least  in  part,  for  the  dissimilarity 
between  the  results  in  the  column  headed  Me  and  thcise  in  columns 
2  to  6.  As  regards  the  solar  data,  the  correlation  between  the  mean 
simspot  area  or  number  for  the  entire  year  and  the  corresponding 
range  of  the  mean  diurnal  magnetic  inequality  is  close,  the  relation 
being  linear  of  the  form  R=a-{-bS,  where  S  is  the  sunspot  area  or 
number  and  a,  b  constants.  If  we  consider  the  diurnal  inequalities 
of  the  twelve  months  separately  for  a  long  series  of  years,  we  also 
obtain  fair  results  from  a  linear  relation  of  the  abo\c  type,  but  the 
\alues  of  a,  b  and  b/a  \ary  throughout  the  year.  If,  howe\er,  we 
take  the  absolute  daih'  magnetic  range,  the  correlation  with  sun- 
spots  is  not  \"er>-  clo.se,  e\en  when  we  consider  complete  years. 
\'ears  of  sunspot  maximum  are  by  no  means  necessarib'  \ears  of 
maxinumi  absolute  magnetic  range.  The  correlation  between 
magnetic  disturbance  or  absolute  ranges  and  the  sunspot  measure 
for  indi\idual  days  is  far  from  close.  Thus  I  do  not  think  we  should 
look  to  solar  phenomena  for  guidance  in  .selecting  a  criterion  for  the 
magnetic  disturbance  of  indi\  idual  da\s. 

KeW    OnSliRV.MOKV, 

Richmond,  Surrey,  England. 

>Ttrr.  Mag.,  vol.  XXVII.  p.  i2. 

•Ned.  M't.  hist..  No.  102.  Utrecht,  1022. 


RF.GARDIXn  IMEASCRES  OF  MAGNETIC 
CHARACTERIZATION  OF  DAYS. 

Bv  Louis  A.  Bauer. 

1.  Experience  has  shown  that  the  Bidh"ngmaier  "activity" 
measure  for  the  magnetic  characterization  of  days  entails  too  much 
labor  to  be  successfully  put  into  general  practice.  Accordingly. 
Chree/  Hazard,-'  Adolf  Schmidt."*  Bauer/  and  van  Dijk,^  have  been 
led  to  suggest  other  methods  of  procedure  for  obtaining  measures 
of  magnetic  activity.  It  is  also  being  recognized  more  and  more 
that  the  so-called  international  magnetic  "character"  numbers, 
issued  for  quarterly  periods  by  the  De  Bilt  Observatory  in  behalf 
of  the  Commission  on  Terrestrial  Magnetism  and  Atmospheric 
Electricity  of  the  International  Meteorological  Committee,  do  not 
serve  all  the  purposes  desired.  The  time  therefore  has  come  when 
it  would  seem  advantageous  to  omit  further  discussion  of  past 
rnethods  and  give  serious  attention  to  finding  some  comparatively 
simple  method  for  the  magnetic  characterization  of  days,  the  adop- 
tion of  which  will  not  greatly  add  to  the  work  of  th^  usual  observa- 
tory personnel. 

2.  Too  much  must  not  be  expected  of  any  measure  of  mag- 
netic activity,  as  it  is  quite  likely  that  no  one  measure  will  suffice 
for  all  investigational  purposes.  Furthermore,  it  should  not  be 
overlooked  that  the  precise  numerical  value  of  any  measure  adopted 
will  depend  upon  the  geographic  region  embraced  by  the  contribu- 
ting observatories.  This  is  true,  for  examph,  in  the  case  of  the 
magnetic  "character"  numbers.  In  the  last  list  (October-Decem- 
ber, 1922),  just  come  to  hand,  nearly  half  of  the  42  contributing  ob- 
servatories are  in  Europe  and  only  about  one-sixth,  in  the  South 
Hemisphere.  The  indiscriminate  mean  of  the  "character"  numbers 
from  all  observatories  accordingly  very  largely  depends  upon  the 
European  "character"  numbers. 

3.  The  question  arises  whether  a  more  satisfactory  interna- 
tional "character"  number  might  not  be  obtained  by  a  suitable  sys- 
tem of  weighting  of  stations  so  as  to  prevent  overweighting  of  any 
particular  region.  Another  method  of  procedure  would  be  to  obtain 
the  mean  character  number  from  a  number  of  carefully-selected 
stations  as  uniformly  distributed  over  the  globe  as  conditions  per- 

'Terr.  Mag.,  vol.  22  (1917),  57-83;  see  particularly  this  issue  of  the  Journal,  pp.  33-40. 
*Terr.  Mag.,  vol.  22  (1917),  84-86. 
*Terr.  Mag.,  vol.  25  (1920),  123-138. 

^Terr.  Mag.,  vol.  26  (1921),  53-62,  and  vol.  27  (1922),  31-34. 

'■K.  Ned.  Met.  Inst.,  No.  102,  Utrecht,  1922;  see  also  Terr.  Mag.,  vol.  27  (1922),  31-34. 
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mit.  The  latter  procedure  would  be  more  readily  possible  if  the 
measure  of  magnetic  activity  were  a  perfectly  determinable  quan- 
tity and  did  not  depend  upon  individual  judgment,  as  do  the  "rhar- 
acter"  numbers.  There  have  been  cases  when  the  rrean  "character" 
numbers  gi\'en  for  the  same  month  by  the  \arious  observatories  in 
Europe,  and  sometimes  in  the  samiC  countr\-,  showed  as  large  a 
range  amongst  themselves  as  exhibited  by  the  mean  international 
"character"  numbers  during  the  entire  sun-spot  cycle 

4.  Another  matter  for  careful  consideration  is  whether  the 
"five  internationally  magnetically-calm  days  per  month"  really 
are  most  representative  of  "nonnal"  conditions.  "Quiet"  days  not 
infrequently  are  affected  by  a  peculiar  type  of  disturbance  of  their 
own.  It  has  thus  happened  at  times  that  when  quiet  days  were 
selected  as  representative  "normal"  days,  the  resulting  magnetic 
measure  came  out  negative,  instead  of  positive,  as  was  expected. 
Indeed,  it  would  appear  well  worth  while  considering  whether  a 
larger  number  of  the  lesser  disturbed  days  per  month,  of  magnetic 
"character"  0  and  1,  as,  for  example,  10,  as  is  done  by  the  United 
States  Coast  and  Geodetic  Survey,  might  not.  in  general,  represent 
normal  or  average  magnetic  conditions  of  the  Farth  more  satis- 
factorily. The  days  per  month  selected  for  international  data 
would  then  apply  to  more  of  the  observing  stations  than  do  the 
present  zero  "character"  days  alone. 

5.  In  the  selection  of  the  desired  magnetic  measure  it  would 
seam  that  not  too  much  emphasis  should  be  laid  upon  the  question 
whether  the  measure  will  also  be  wholly  suita'ole  for  occasional 
arctic  and  antarctic  station^,  or  for  high  magnetic  latitude  stations. 
These  are  isolated  cases  that  may  well  be  put  in  a  class  of  their  own, 
if  experience  so  finds  necessary.  If  a  satisfactory  simple  measure  is 
found  for  the  greater  portion  of  the  F^arth,  let  us  say  75  per  cent,  as 
approximately  represented  by  the  present  distribution  of  magnetic 
ob.ser\atories,  we  may  well  rest  content. 

6.  Other  than  the  "character"  numbers,  I  do  not  know  of  any 
measure  which  has  been  tested  for  tho  greater  part  ot  the  i^arth 
except  the  one  tentatively  proposed  by  me,  namely.  «  URii,  where 
£  is  a  numerical  constant,  11,  the  absolute  \alue  and  Rn,  the  range  of 
the  horizontal  intensity  at  the  observing  station.'"  My  experience 
would  indicate  that  a  linear  measure,  dependent  upon  the  \ariations 
of  so  sensitive  an  element  to  change,  as  is  //  usually,  may  be  brought 
into  a  form  which  suffices  for  most  purposes.  Instead  of  the  range, 
7?//,  we  might  use,  for  example,  the  average  departure  A,  of  the 
11  hourly  values  from  the  daily  mean.  It  is  hoped,  however,  th.il 
such  a  refinement,  for  general  purjioses,  will  not  be  necessary. 
Furthermore,  the  //-residuals  from  a  daily  or  monthly  mean  are 
usually  sufficiently  accidental  in  their  distribution  so  that  A  and 

•See  footnote  references  (4).  The  formula  was  tentatively  developed  from  the  expression  of  the 
energy  for  a  simple  type  of  magnetic  f^eld;  the  energy-  function  was  used  by  the  author  first  in  his 
magnetic  investigations  published  in  7Vrr.  Mag.,  vol.  K  (1903),  97-111,  or  prior  to  the  use  of  the 
function  by  Bidlingmaicr  and  Chapman  for  their  particular  objects.  The  specimen  computations 
given  in  Terr.  Mag.,  vol.  26  (1921),  59-61,  only  represent  a  portion  of  the  tests  carried  out. 
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Rn  may  he  regarded  as  approximately  proportional  to  one  another, 
as  would  l)e  required  by  the  theory  of  probability.  Hence,  Rh  is 
given  first  preference,  especially  since  to  obtain  A  requires  more 
computation. 

7.  Instead  of  tHRn,  we  might  find  f-IIRi),  where  Rd  is  the 
declination  range,  sufficiently  suitable  for  general  requirements. 
The  advantage  here  would  be  that  Rd  is  independent  of  any  tem- 
perature correction,  whereas,  Rh  could  not  be  derived  accurately, 
if  necessary  to  do  so,  until  the  extreme  values  of  //  had  been  reduced 
to  standard  temperature;  for  many  observatories,  however,  the 
daily  temperature  range  inside  the  magnetograph  room  is  so  small 
that  the  \alue  of  Rh\  obtained  from  the  directly  scaled  extreme 
values  of  //  would  be,  in  general,  sufficiently  accurate. 

8.  A  question  to  be  decided  also  is  whether  to  use  the  absolute, 
or  actual,  ranges  of  the  selected  magnetic  element,  or  to  use  ranges 
as  obtained  from  the  momentary  hourly  values,  or  from  the  60- 
minute  hourly  values.  If  more  or  legs  smoothed  ranges  are  used  it 
is  much  easier  to  find  a  generally  satisfactory  magnetic  rneasure 
than  when  absolute  ranges  are  used.  The  settlement  of  this  ques- 
tion, as  ^vell  as  w^hat  magnetic  elehient  or  elements  to  use  for  the 
magnetic  measure,  will  depend  upon  the  number  of  co-operating 
magnetic  observatories,  which  may  be  found  to  follow  essentially 
the  same  methods  of  registration  and  of  evaluation  of  the  magnetic 
curv^es. 

9.  A  satisfactory  measure  of  magnetic  activity  should  also,  if 
possible,  take  into  account  the  disturbances  from  day  to  day  in  the 
daily  mean  values  of  the  recorded  magnetic  elements,  aside  from 
the  slowly  progressive  secular  changes.  Some  consideration  is 
likewise  being  given  to  this  question. 

10.  While  it  may  be  found  necessary,  for  certain  special  investi- 
gations, to  use  a  measure  of  magnetic  activity  of  the  quadratic 
type,  such  as  latterly  suggested  by  Crichton  Mitchell  and  Chree, 
I  am  of  the  opinion  that  the  additional  labor  involved  will  not,  in 
general,  be  found  justified.  It  is  a  great  convenience,  especially 
when  one  w  ishes  to  compute  magnetic  measures  for  past  years,  to 
be  able  to  obtain  the  mean  monthly  measure,  wdthout  computing 
the  measure  for  each  day  of  the  month,  as  would  be  necessary  for  a 
quadratic  formula.  Then  again  the  more  magnetic  elements  taken 
into  consideration  in  the  formula,  the  more  difficult  it  will  be  to  find 
a  sufficient  number  of  strictly  comparable  stations  over  the  Earth. 
A  further  objection  to  such  a  proposal,  as  suggested  by  Chrcv..  is 
that  it  does  not  yield  a  continuous  set  of  figures,  as  is  the  case  wnth 
the  magnetic  "character"  numbers.  Chree  would  obtain  on?  set  of 
measures  showing  the  variation  in  magnetic  activity  for  each  day 
in  any  particular  month.  Next  he  would  obtain  a  different 
set  of  measures  exhibiting  the  change  in  magnetic  activity  from 
month  to  month,  and  finally  another  set  for  the  magnetic  activity 
change  from  year  to  year. 
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11.  I  am  inclined  to  agree  with  Dr.  Chree  that  "the  best  poHcy 
— at  least  for  a  time — would  probably  be  to  continue  the  existing 
scheme  (magnetic  character  numbers)  at  all  stations,  and  get  a 
limited  number  of  representative  well-equipped  stations  to  obtain 
in  addition  results  from  the  new  scheme  whatever  that  might  be." 
In  order  to  try  out  thoroughly  the  suggestions  made  in  this  pre- 
liminary communication,  a  limited  number  of  comparable  observa- 
tories will  be  asked  to  send  to  the  Department  of  Terrestrial  Mag- 
netism certain  data,  the  supplying  of  which  will  entail  m.inimum 
time  and  labor.  It  is  hoped  that  Dr.  Chree  will  also  find  it  possible 
to  make  world  tests  of  his  proposals. 

Department  or  Terrestrial  MAGNETis\f, 
Carnegie  Institition  of  Washington. 


ERDMAC.XETISCHE  STORUXGHX   L  \D 
SOXXEXTATIGKEIT. 
\'oN  G.  Angknheister. 
In  ciner  friiheren  Mitteilung  (Terr.  Ma^.,  1922.  S.  57'  iind  1921, 

S.  116)  habe  ich  zu  zeigen  versucht,  was  auch  Ad.  Schmidt  schon 
friiher  ausgesprochen  hat,  dass  man  zwei  verschiedene  Perioden  in 
der  magnctischen  Aktivitat  wiederfindet:  eine  27tagige.  die  allgc- 
mein,  sowohl  t'iir  die  ruhigsten  wie  die  gestorten  Tage,  gilt,  aber  nur 
vvenige  Periodenlangen  hindurch  anhiilt:  ferner  zeigen  (lie  Daten 
der  (^rossen  magnctischen  Storinigen,  dass  sie  sich  nach  Zwischen- 
zeiten.  die  ganze  Vielfache  von  30  Tagen  sind,  zu  wiedcrholen 
pflegcn.  Die  kurzlebige  27tagige  Periode  ist  wohl  veranlasst  durch 
V'organge,  die  ihren  Ursprung  im  Flecken-  und  Fackelniveau  der 
Sonne  haben  und  an  der  Rotation  dieses  Xiveaus  teihiehmen.  Fiir 
die  in  Frage  kommenden  niederen  Sonnenbrciten  sind  solche  Em- 
laufzeiten  \on  ungefahr  27  Tagen  beobachtet  worden.  Die  war- 
scheinlich  uber  eine  grossere  Anzahl  Jahre  koharente  Periode  von 
30  Tagen  liess  dagegen  vermuten,  dass  die  Storungsquellen  der 
grossen  Storungen  nicht  in  den  obersten  (in  etwa  27  Tagen  rotier- 
enden),  sondern  in  tieferen.  unbeweglicheren  S^onnenschichten  zu 
suchen  seien,  die  nach  der  Beobachtung  auch  langsamer  rotieren. 
Wohl  nur  in  einer  solchen  festeren  Schicht  kann  sich  eine  Storungs- 
quelle  fiir  lange  in  einer  unveranderten  Lage  erhalten.  Ich  habe 
selbst  darauf  hingewiesen  {Terr.  Mag.,  1922,  S.  76),  dass  man  dann 
aber  vermuten  musste,  dass  der  27,  54,  81ste  Tag  vor  einer  grossen 
Storung  ungestort  sei.  Die  Beobachtungen  zeigen  aber  oft,  dass 
diese  Tage  gestort  sind,  dass  die  grossen  Storungen  also  in  einen 
27tagigen  Cyclus  eingereiht  sind.  Ich  habe  auf  ein  Beispiel  hi2rfur 
hingewiesen  (Terr.  Mag.,  1922,  S.  76  u.  Serie  I,  S.  71).  Auch 
Ch.  Chree,  zeigt  in  seiner  Mitteilung  {Terr.  Mag.,  1922,  S.  123), 
dass  diesen  grossen  Storungen  oftmals  am  27,  54sten  etc.  gestorten 
Tage  vorn  Charakter  1.2  bis  1.7  vorausgehen,  und  glaubt,  deswegen 
konne  kein  grosser  L^nterschied  im  Entstehungsort  der  grossen  und 
kleinen  Storungen  bestehen.  Gewiss  Hegt  hier  eine  Schwierigkeit. 
Ad.  Schmidt  hat  die  12  grossten  in  Potsdam  aufgezeichneten 
Storungen  von  1892-1921  in  einer  Tabelle  zusammengestellt  und 
daran  die  Existenz  einer  29.97tagigen  Periode  nachgepriift.  {Astr. 
Nachr.  B.  214.  S.  411.)  Fiir  die  Jahre  1906  bis  1921  liegen  nun  fur 
jeden  Tag  die  internationalen  Charakterzahlen  vor.  Fiir  die  7 
letzten  Storungen,  Xo.  6  bis  12  der  erwahnten  Tabelle.  die  in  diesen 
Zeitraum  fallen,  habe  ich  die  Charakterzahlen  fiir  die  jeder  Storung 
vorangehenden  Tage  zusammengestellt.  Die  grosste  Gharakterzahl 
Cder  Zeit  vom  40sten  bis  20sten  Tage,  die  der  Hauptst()rung  voran- 
geht,  ist  in  der  Tabelle  2,  nebst  Datum,  als  '  A'orstorung"  angegeben ; 
ferner  ist  die  Anzahl  X  der  Tage  zwischen  der  Haupt-  und  \^or- 
storung  und  die  fiir  Potsdam  geltende  Intensitat  der  Hauptstorung 
A  =  AX  +  AY+AZ  in  Ciamma  angegeben.  Die  Tabelle  enthiilt 
alle  Storungen  von  1892-1921,  deren  A  in  Potsdam  grosser  als  1,000 
Gamma  war.  Xo.  2  und  3  der  Tabelle  lassen  sich  auch  als  zusam- 
mengehorig  aulTassen.     Diese  Zusammenstellung  zeigt,  dass  vor  8 

'Diese  Arbeit  wiirde  Herbst  1920  der  Gesellschaft  d.  Wissenschaft.  zu  Gottingen  vorgelegt. 
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grossen  Storungen  5  mal  der  29.  bis  31.  vorangehende  Tag  gestort 
ist,  und  3  mal  der  25.  bis  27.  vorangehende  Tag. 

Bei  der  besonders  grossen  Storung  vom  Mai  1921  sind  mehrere 
Tage  hintereinander  gestort:  12.-21.  Mai.  Die  zugehorigen  Charak- 
ter  zahlen  sind:  1.4-1.9-2.0-2.0-2.0-1.6-0.9-1.6-1.8-1.3  und  ferner  der 
vorangehende  18.-23.  April  (1.4-1.2-1.0-1.2-0.9-0.8)  und  der  voran- 
gehende 21.-27.  Marz  (1.4-1.3-0.3-0.9-1.3-1.2-1.3).  Hier  folgen 
sich  also  drei  grossere  Storungsarcale  in  cinem  mittleren  Abstand 
von  26^  und  26  Tagen.  Ausserdem  gcht  aber  dem  Anfang  der 
Hauptstorung  dem  13.  Mai  eine  stiirkere  Storung  voran  (1.6)  am 
13.  April,  also  30  Tage  vorher.  Man  hat  also  den  Eindruck,  dass 
ein  ausgedehntes  Storungsareal  in  der  hoheren  Schicht  (in  26^ 
Tagen  rotierend)  sich  dem  tiefer  (in  der  in  30  Tagen  rotierenden 
Schicht)  liegenden  gegeniiber  verschiebt,  sich  ihm  nahert  und 
Mitte  Mai  errcicht  und  dadurch  die  besonders  grosse  Storung  vom 
13.  Mai  zur  Auslosung  bringt.  Die  Coincidenz  der  Storungscentren 
in  den  beiden  Srhichten  mag  diesc  enormc  Stcirungstatigkeit  veran- 
lasst  haben. 

Handelt  es  sich  nun  bei  diesen  besonders  grossen  Storungen,  die 
in  Form  und  Ausmass  sich  von  den  geringeren  unterscheiden, 
wirklich  um  festliegende  Storungscentren  auf  der  Sonne:'  Es  hat 
in  der  Tat  den  Anschein.  Die  12  grossten  Storungen  von  1892-1902 
der  Tabelle  \on  Ad.  Schmidt  lassen  sich  namlich  zum  Teil  als 
Wiederholung  nach  Ablauf  der  lljr.hrigen  Periode  auffasscn.  Die 
Differenzen  der  Eintrittszviten  \on  drei  Paaren  dieser  Storungen, 
die  sich  einander  zuordnen  lassen,  sind:  fiir  No.  1  und  5:  4277.2 
Tage;  fur  No.  5  und  9:  4246.8;  fiir  xNo.  8  und  12:  4248.0.  Das 
Eintreten  einer  magnetischcn  Storung  auf  der  Erde  verlangt  erstens 
eine  Storungsursache  auf  der  Sonne  und  zweitens  eine  bestimmte 
Lage  dieser  Storungsursache  der  Erde  gegeniiber.  Diese  giinstige 
Lage  mag  sich  nach  Al)lauf  einer  Sonnenrotation  \on  30  Tagen 
wicderholen.  Wir  haben  also  unter  den  12  Storungen  5,  die  durch 
einen  Zeitraum  4247  (beziehungsweise  4277  =4247 -|- 30)  Tage 
voneinander  getrcnnt  sind.  Die  iibrigen  ergeben  weniger  iiberein- 
stimmende  Zwischenzeiten.  I*-s  lassen  sich  noch  weitere  Beispielc 
fiir  cine  Wiederholung  nach  ungefiihr  4247  +  30  Tagen  finden,  z.  B. 
die  grosste  Storung  der  Zeit  \  or  Beginn  der  Tabelle  1  \on  1882-1892, 
niimlich  diejenige  vom  1882.  IV,  17.0,  diese  wiederholt  sich  nach 
42 79  =  4247 -f  32  und  4275  =  4247  +  28  Tagen. 

AH  bedeutet  den  Storungsbetrag  in  der  Horizoiital-Inlensitat. 

Tabelli-:  1 . 


1882    l\'  17.0      680      Zikawei  2408552}  4279 

1894       I     2.9      2.^0  "  412831  ) 

l')()5  IX       1S>2()0      Samoa  417100*4275 
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Den  Storungon  xoni  .S.  I.  1894  und  18.  IX.  1905  kommt  der  Charak- 
ter  1.9  Oder  2.0  zii.  Doch  besleht  hier  natiirlich  eine  gewisse 
Willkiir  in  der  Auswahl  diescr  hciden  Storungen.  Diese  Willkur 
bestand  fiir  die  Tabelle  der  12  Potsdamer  Storungen  niciit.  Immer- 
hin  sciicint  es,  das<  sich  bestimmte  grosse  Storungen  nach  4247  oder 
4277  Tagen  wiederholen.  Wenn  die  zusammengehorigen  Storungen, 
No.  1,  5,  9,  und  Xo.  8  und  12,  je  ein  festes  Storungscentrum  auf  der 
Sonne  besitzen  und  dieses  in  einer  Schiciit  liegt,  die  in  nahezu  30 
Tagen  rotiert,  so  werden  in  4277  Tagen  143  Rotationen  von  29.91 
Tagen  stattfinden.  Der  mittlere  Abstand  der  beiden  Storungs- 
gruppen  1,  5,  9  und  8,  12  voneinander  innerhalb  einer  solchen  29.91- 
tagigen  Schicht  l)etragt  dann  3  Tagc.  Sie  fallen  auf  die  folgenden 
Rotationstage:  28.-28.-27.;  und  O.-l. 

Sie  konnten  also  sehr  wohl  einunddemselben  grosseren  Storungs- 
areal  auf  der  Sonne  angehoren.  Es  werden  haufiger,  als  es  zufallig 
sein  konnte,  grossere  magnetische  Storungen  beobachtet,  die  cin- 
ander  nach  3-5  Tagen  verhaltnismassiger  Ruhe  folgen.  Dafiir 
spricht  auch  das  Folgende.  In  der  Tabelle  von  Ch.  Chree  (Phil. 
Trans.  Roy.  Soc.  London,  1913,  p.  261)  sind  die  Storungscharaktere 
der  Tage  vor  und  nach  der  Storung  eingetragen.  Es  zeigt  sich  dort, 
dass  der  vorangehende  27ste  Tag,  die  Vorstorung,  und  in  geringerem 
Masse  der  diametral  gegeniiberliegende  13  und  14te  Tag  starker 
gestort  sind  als  die  benachbarten  Tage.  Ausserdem  ist  aber  der  5te 
Tag  vor  der  Storung  und  der  5te  Tag  vor  und  nach  der  Vorstorung 
(also  der  22  und  32ste  Tag  vor  der  Storung)  starker  gestort  als  die 
benachbarten  Tage.  Die  magnetischen  Ereignisse,  deren  Quellen 
mit  einer  hoheren  Sonnenschicht  in  27  Tagen  zu  rotieren  scheinen, 
haben  offenbar  bei  aller  Verschiedenheit  im  Einzelnen  doch  eine 
im  Mittel  konstante  zeitliche  Anordnung  gegen  einander,  deren 
letzte  Bedingtheit  vielleicht  in  einer  festen  Lage  der  Storungsherde 
in  grosseren  unbeweglicheren  Sonnentiefen  zu  suchen  ist. 

Tabelle  2. 


Julianische 

No. 

Datum 

Periode 

A 

Vorstor- 

C 

n  m 

2400000  + 

ung,  V 

Tagen 

1 

1892  II 

13.1 

12141.6 

>1800 

2 

94  VII 

20.1 

13029.6 

1580 

3 

94  VIII 

19.9 

13060.4 

1410 

VII     20 

31 

4 

98  IX 

9.7 

14542.2 

>1150 

5 

1903  X 

31.3 

16418.8 

2860 

6 

07  II 

9.6 

16716.1 

1340 

I          11 

1.6 

29 

7 

08  IX 

11.9 

18196.4 

1520 

VIII  12 

1.6 

30 

'     8 

09  IX 

25.5 

18575.0 

3800 

VIII  29 

1.4 

27 

9 

15  VI 

17.1 

20665.6 

1300 

V        17 

1.3 

31 

10 

19  VIII 

11.3 

22181.8 

2720 

VII     17 

1.4 

25 

11 

20  III 

22.4 

22405.9 

1870 

II       24 

1.6 

26 

12 

21  V 

13.5 

22823.0 

>  3000 

IV      13 

1.6 

30 
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EARTHQUAKE  RECORDS,  HUANCAYO  MAGNETOGRAMS, 
SEPTEMBER  1922  TO  APRIL  1923.' 

There  were  records  of  two  small  earthquakes  on  the  magneto- 
grams  of  the  Huancayo  Magnetic  Observatory,  in  Peru,  on  Sep- 
tember 4  and  November  22,  1922.  F^ach  one  appears  to  have  been 
due  to  a  short,  sharp  local  shock.  On  September  4  the  effect  in 
declination  occurred  at  12^  07"'  with  maximum  range  of  0.7mm; 
in  horizontal  intensity  at  \2^  Ol"^,  the  maximum  range  not  measur- 
able owing  to  rapid  change  in  H,  and  in  vertical  intensity  at  12  ">  09"' 
with  maximum  range  of  0.4  mm.  On  November  22  the  effect  in 
declination  occurred  at  14  ^  14""  with  maximum  amplitude  of 
1.0  mm,  and  in  horizontal  intensity  at  14°  14"\  the  effect  being 
indistinct  owing  to  rapid  change  in  H,  while  there  was  no  effect 
shown  in  vertical  intensity. 

An  earthquake  was  recorded  also  by  the  magnetograph  during 
the  early  morning  of  December  2,  1922.  The  characteristic  earth- 
quake effect  is  quite  distinct  on  the  curves  of  the  declination  and 
horizontal-intensity  \ariometers,  but  very  faint  on  the  vertical- 
intensity  variometer.  All  three  curves  indicate  a  short,  sharp 
tremor  occurring  at  15''  30"",  but  a  slight  swelling  of  the  declination 
curve  lasting  for  about  one  minute  longer  indicates  that  small 
tremors  persisted  a  short  while  longer.  The  maximum  range 
measured  on  the  declination  and  horizontal-intensity  curves  is  about 
1  mm,  but  that  on  the  \crtical-intensity  curve  is  too  faint  to  meas- 
ure. Various  reports  indicate  the  earthquake  was  local;  it  was 
distinctly  felt  by  many  people  at  Huancayo.  but  not  at  the  ov- 
servatory. 

Two  earthquakes  were  recorded  also  by  the  magnetograph  dur- 
ing the  night  of  April  25-26.  The  first  occurred  at  21  ^  22"\  April  25, 
and  was  recorded  by  all  three  variometers,  although  the  effect  in 
vertical  intensity  was  very  slight.  The  maximum  range  of  the 
declination  cur\e  is  1.5  mm.,  of  the  horizontal-intensit\'  cur\e, 
2.5  mm.,  and  of  the  vertical-intensity  cur\e.  1.0  mm.  The  earth- 
quake was  local  and  was  distinctly  felt  by  all  of  the  staff  at  the  ob- 
.servatory,  as  well  as  by  people  at  C'hupaca  and  at  Huanca>o.  There 
were  two  distinct  shocks  separated  by  about  ten  seconds  in  time; 
the  horizontal-intensity  record  shows  the  two  shocks  plainly  sepa- 
rated, but  the  f)ther  two  curves  do  not.  The  seconcl  earthquake 
occurred  at  2*'  42"'.  April  26.  and.  as  appears  from  the  magnetogram. 
was  much  feebler  than  the  first.  The  record  is  quite  distinct  in 
declination,  very  faint  in  horizontal  intensity,  and  not  visible  at  all 

'For  other  notes  on  earthquake  recorfl?  at  Huancayo  during  October  &n<*.  November,  1922, 
?ee  Trrr.  Mag.,  vol.  27,  168,  iQ22. 
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in  vertical  intensity.  The  maximum  range  of  the  declination  curve 
is  0.9  mm.,  and  the  horizontal-intensitv  curve  shows  only  a  slight 
blur. 

All  times  arc  75lh  meridian  civil  mean  lime. 

W.  F.  \VALLr>,  ohserver-in-charge. 

MAGNETIC    AND    ATMOSPHKRIC-KLKCTRIC    DISTURB- 
ANCES AND  AURORAL  DISPLAYS,  WKSTERX 
AUSTRALIA,  JANUARY  1923. 

The  records  obtained  at  the  Watheroo  Magnetic  Obserxatory 
show  magnetic  and  atmospheric-electnc  disturbances  concurrently 
with  auroral  displavs  visible  in  Western  Australia  during  January 
1923. 

The  records  for  all  magnetic  elements  show  very  irregular  rnovc- 
ments  between  l^"^  and  20*'  January  20.  which  continue  until  ap- 
proximately IS''  on  January  21,  when  there  is  a  gradual  recovery 
from  these  irregular  movements,  which  continues  for  several  days. 
The  records  of  the  electric  conducti\  ity  of  the  atmosphere  show- 
disturbances  as  follows:  Januarv  19  at  21''  28"\  a  rapid  increase  to 
about  double  former  xalues:  January  20  from  19''  10-  to  l^'^  25'", 
a  rapid  decrease  to  about  half  former  values;  January  21  from  18'' 
to  22'',  rapid  and  irregular  movements,  and  January  23  at  6'^  49"', 
a  sudden  decrease  of  about  one-third.  The  usual  diurnal  variation 
of  positive  and  negative  conductivities  is  such  that  a  decrease  is  to 
be  expected  in  these  elements  beginning  any  time  in  the  morning  or 
forenoon  and  continuing  perhaps  until  evening,  when  there  rnay  be 
an  increase  to  a  maximum  which  is  usually  attained  some  time  in 
the  early  morning  hours. 

Professor  A.  I).  Ross,  of  the  University  of  Western  Australia,  at 
Perth,  summarizes  the  results  of  various  reports  regarding  the 
auroral  display  received  from  observers  in  answer  to  his  request  as 
follows: 

"I  got  quite  a  number  of  people  to  give  me  accounts  of  what 
they  saw  of  the  aurora.  Most  of  the  accounts  came  by  telephone, 
and,  generally  speaking,  they  were  quite  vague.  It  is  evident,  how- 
ever, that  there  was  an  aurora  on  the  morning  of  January  21  from 
0''  15'"  to  1 ''  20"'.  It  was  not  brilliant,  showing  only  a  general  glow 
in  the  south  and  extending  rather  farther  to  the  v.est  than  to  the 
east.  The  aurora  appeared  again  on  the  night  of  January  l^ ,  com- 
mencing apparently  about  21''  or  22'',  but  not  at  all  brilliant  until 
towards  midnight.  After  midnight  it  became  brilliant,  and  I  have 
been  in  touch  with  people  who  saw  it  on  till  3''  or  3''  30"".  About 
1''  30"'  it  showed  the  streamers  nientioned  in  the  newspapers  most 
distinctly  and  also  at  times  the  pulsations  of  light  funning  up  the 
streamers." 

All  times  are  civil  mean  time  for  the  120th  meridian  east  of  Green- 
wich. C,.   R.  Wait,  ohservcr-in-charge. 
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1.     Principal  Magnetic  Storms  at  the  Cheltenham  Magnetic  Observatory,  January 
1923  to  March  1923.' 


Greenwich  Mean  Time 

Range 

Beginning 

Ending 

Decl'n 

Hor'l  Int. 

Vert'l  Int. 

h        m 

Mar.  24,        9      .  . 

h        m 

Mar.  2.S,      9     .  . 

44.7 

7 

183 

7 
204 

2.  Errata,  E.  Schweidler  article,  Ueher  die  Selbstaufladunsi,  1922. — Referring 
to  previous  volume  of  this  Journal,  the  following  corrections  have  been  communi- 

ci-Strahlen, 
cated  by  the  author:     Page  111,  line  11   from  bottom,  read  z  =  0.8 —      ., 

instead  of  the  latter,  without  the  factor  0.8;  p.  112,  line  16  from  bottom,  instead  of 

Pa  read  Pa;  p.  117,  line  15  from  top,  instead  of  P  =  80,  read  P  =  1.S0  stat.  Einh.; 

p.  1 1 7,  line  22  from  top,  instead  of  Qa  =  Ha  read  Qa  =  Ha. 

3.  Terrestrial  Magnetism  and  Atmospheric  Electricity  in  France,  1923. — Prof. 
Ch.  Maurain,  whom  we  are  glad  to  welcome  among  the  collaborators  of  the  Jour- 
nal, writes  under  date  of  March  1,  1923,  as  follows:  "The  printing  of  the  volume 
which  is  to  contain  the  results  of  the  French  observations  1914  to  1921  inclusive, 
will  be  completed  in  a  few  weeks.  The  second  volume  is  in  preparation  and  will 
be  turned  over  to  the  printer  in  about  a  month.  It  is  hoped  that  in  the  future 
there  will  be  no  delay  in  publication.  In  accordance  with  the  resolution  passed 
at  the  Rome  meeting,  I  have  had  atmospheric-electric  observations  inaugurated 
at  the  Val  Joyeux  Observatory,  where  a  small  wooden  structure  has  been  con- 
structed for  the  purpose.  At  present  we  are  registering  the  potential  gradient 
(radium  collector,  Benndorf  electrometer),  and  are  measuring  the  conductivity.  We 
shall  develop  the  installation  progressively.  The  magnetic  survey  work  is  being 
continued  for  the  new  magnetic  charts  of  France.  In  1922  this  work  was  per- 
formed by  MM.  Dongier,  Ebl'",  Brazier,  and  myself,  all  four  of  us  belonging  to 
the  Institut  de  I'hysique  du  (ilobc,  and  by  Baldit  (who  took  the  i)Iacc,  for  this 
work,  of  M.  Mathias,  who  needed  relief  at  tliat  time).  Besides,  the  (ieographic 
Service  of  the  Army  is  going  to  help  us." 

4.  International  Geodetic  and  Geophysical  Union. — .According  to  information 
received  from  the  General  Secretary,  Col.  H.  G.  Lyons,  the  countries  which  had 
joined  the  l^nion  up  to  March  29,  1923,  were  as  follows:  Australia,  Belgium, 
Brazil,  Canada,  Denmark,  France,  Greece,  Holland,  Italy,  Japan,  Mexico,  Portu- 
gal, Siam,  Spain,  Switzerland,  I'nitefl  Kingdom,  and  United  States.  Of  these 
countries  Denmark  and  Hollancl  have  only  joined  thus  far  the  Section  of  Geodesy. 
Six  other  countries  in  Euroj)e  and  South  .America  have  under  consideration  the 
cpiestion  of  their  adherence  to  the  Union. 

'Communicated  by  E.  Lester  Jones,  director,  U.  S.  Coast  and  Geolctic  Survey;  Geo.  Mart- 
NELL.  Observer-in-CharRe.     Lat.  38°  4»'.0  N.;  Long,  lb"  .SO'..S.  or  ^^  07. '"4  \V.  of  Greenwich. 
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5.  National  Geophysics  Committee  of  Belgium,  1923. — At  a  meeting  on  March 
16  the  Belgian  Committee  reorganized  its  officers:  fol.  Seligmann,  director  of  the 
Military  Cartographical  Institute,  was  chosen  president,  and  Mr.  Somville, 
astronomer-in-charge  of  the  seismological  service  at  the  Royal  Astronomical 
Observatory,  secretary.  Messrs.  P.  Stroobant  and  Dehalu,  who  have  discharged 
these  functions  since  the  establishment  of  the  International  Cicodetic  and  Geo- 
physical l^nion,  had  sent  in  their  resignations;  P.  Stroobant  has  been  elected  presi- 
dent of  the  National  Astronomical  Committee  of  the  Belgium  Astronomical  Union, 
and  Mr.  Dehalu  has  assumed  the  onerous  duties  of  administrateur-inspccteur  of 
the  University  of  Liege.  The  Geophysics  Committee  has  added  to  its  member- 
ship, in  order  to  form  the  new  section  of  hydrography  established  at  Rome  in 
1922,  Messrs.  Gilson,  director  of  the  Museum  of  Natural  History,  Van  Mierlo, 
hydrographic  engineer,  and  Van  Brabandt,  director  of  bridges  and  highways. 

6.  American  Geophysical  Union,  1923. — The  American  Geophysical  Union, 
which  is  the  American  National  Committee  of  the  International  Geodetic  and 
Geophysical  Union,  had  its  fourth  annual  meeting,  April  17  to  19,  1923.  There 
were  two  business  sessions,  two  general  sessions,  besides  separate  sessions  for 
each  of  the  7  sections  (Geodesy,  Seismology',  Meteorology',  Terrestrial  Magnetism 
and  Electricity,  Oceanography,  Volcanolog^',  and  Geophysical  Chemistry). 
At  the  opening  general  session  on  Tuesday  morning,  April  17,  the  following 
addresses  were  given:  "The  Organization  and  Aims  of  the  National  Research 
Council,"  by  Dr.  Vernon  Kellogg,  permanent  secretary  of  the  National  Research 
Council;  "The  Organization  and  Work  of  the  International  Research  Council," 
by  Dr.  R.  A.  Millikan,  a  delegate  to  the  Brussels  1922  meeting;  "The  Organization 
and  Aims  of  the  American  Geophysical  Union,"  by  the  Chairman  of  the  Union, 
Dr.  Louis  A.  Bauer,  and  "The  Organization  and  Aims  of  the  National  Geodetic 
and  Geophysical  Committee  of  Canada,"  by"  Noel  Ogilvie,  Esq.,  delegate  from 
Canada.  In  the  afternoon  of  the  same  day  (April  17)  a  representative  of  each 
section  gave  an  outline  of  the  status,  scope,  and  problems  of  concern  to  his  re- 
spective section.  In  the  evening  there  was  a  dinner  for  members  and  guests,  at 
which  brief  addresses  were  made  by  the  Hon.  H.  W.  Temple  on  "Economic  Value 
of  Governmental  Scientific  Work,"  by  Dr.  E.  E.  Slosson  on  "Science  and  the 
Public,"  and  by  J.  Patterson,  Esq.,  "Greetings  from  Canada;"  Capt.  F.  B.  Bassett 
(Hydrographic  Office),  Col.  E.  Lester  Jones  (Coast  and  Geodetic  Survey),  and 
Prof.  C.  F.  Marvin  (Weather  Bureau)  also  spoke  on  international  and  national 
work  in  geophysics. 

At  the  section  meetings  there  were  presented  reports  of  delegates  to  the  Rome 
1922  meeting  and  of  special  committees,  and  49  papers  on  investigational  topics. 
If  judged  by  the  very  good  attendance,  both  at  the  general  and  special  sessions, 
and  the  interest  shown,  it  would  appear  that  the  annual  meeting  has  helped  ma- 
terially in  the  accomplishment  of  the  objects  of  the  American  Union,  namely: 
"To  promote  the  study  of  problems  concerned  with  the  figure  and  physics  of  the 
Earth;  to  initiate  and  co-ordinate  researches  which  depend  upon  international 
and  national  co-operation,  and  to  provide  for  their  scientific  discussion  and  pub- 
lication." In  addition  to  a  very  satisfactory  representation  of  the  65  members 
of  the  Union,  there  were  present  at  the  annual  meeting  three  delegates  from  the 
National  Geodetic  and  Geophysical  Committee  of  Canada  (Dr.  W.  Bell  Daw- 
son and  Messrs.  N.  Ogilvie  and  J.  Patterson),  as  well  as  representatives  from  in- 
terested governmental  scientific  bureaus  and  nearby  universities.     The  National 
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Geophysics  Committee  of  Mexico  had  also  been  invited  to  send  a  delegate,  but 
owing  to  the  fact  that  the  members  of  the  Mexican  Committee  were  absent  on 
field  duty,  it  was  not  possible  to  have  a  representative  from  Mexico.  For  further 
information  and  list  of  present  officers  see  this  Journal,  vol.  27,  1922,  p.  80.) 

7.  National  Geophysics  Committee  of  Spain. — This  Committee  was  organized 
this  year  under  the  presidency  of  Sr.  D.  Antonio  Izquierdo  ^^alez,  Director-General 
of  the  Geographic  Institute  at  Madrid  and  with  a  membership  of  21  persons. 
The  Committee  has  established  7  sections  to  conform  to  those  of  the  International 
Geodetic  and  Geophysical  Union.  The  officers  of  the  Section  of  Magnetism  are: 
president,  B.  Cabrera  Felipe;  vice-president,  L.  Cuhillo  Muro;  and  secretary, 
Ubaldo  Azpiazu. 

8.  Pan-Pacific  Science  Congress  in  Australia,  1923. — The  second  meeting  of 
this  congress  will  be  held  in  Australia  (Melbourne  and  Sydney)  from  August  13  to 
September  3,  1923,  under  the  auspices  of  the  Australian  National  Research 
Council,  Prof.  D.  Orme  Masson,  president.  It  will  be  recalled  that  the  first 
meeting  of  the  Congress  was  held  at  Honolulu  in  August  1020.  The  subjects  to 
be  dealt  with  are:  Agriculture,  Anthropology,  Botany,  Entomology,  Geodesy  and 
Geophysics,  Geography,  Geology,  Hygiene,  Meteorology,  Oceanography,  Radio- 
telegraphy,  Veterinary  Science,  Vulcanology,  Seismology,  and  Zoology-.  Everj 
effort  is  being  put  forth  by  the  Australian  Council  to  make  the  forthcoming  meet- 
ing of  the  Congress  truly  representative  of  all  scientific  workers  interested  in  the 
Pacific. 

9.  Carnegie  Instiltilioji  Combined  Magnetometer  and-  Earth  Inductor. — As  the 
result  of  requests  received  from  many  countries  for  latest  magnetic  instruments, 
according  to  the  designs  and  construction  of  the  Department  of  Terrestrial  Mag- 
netism, arrangements  have  been  made  by  which  competent  manufacturers,  in  the 
United  States  and  abroad,  may  receive  such  assistance  as  required.  Blue  prints 
of  drawings  and,  in  certain  instances,  non-magnetic  castings,  are  furnished  by  the 
Department  at  actual  cost. 

10.  Magnetic  Surveys  of  Sweden,  Finland,  Norway,  and  Denmark. — The  fol- 
lowing information  has  been  received  from  Captain  Gustaf  Reinius,  Hydro- 
grapher,  Stockholm,  Sweden,  under  date  of  April  7,  1923:  Having  recei\ed  by  the 
very  kind  assistance  of  the  Director  of  the  Department  of  Terrestrial  Magnetism 
drawings  of  the  "C.  I.  W.  Combined  Magnetometer  and  Earth  Inductor,"  we 
have  proceeded  to  make  such  an  instrument.  The  other  Scandinavian  countries — 
Denmar!:,  Finland,  and  Norway — will  probably  also  make  instruments  of  the 
same  type.  When  the  instrument  is  ready  we  have  planned  a  survey  of  Sweden 
of  the  "first  order"  with  stations  over  the  whole  country,  which  will  thus  for  the 
first  time  be  covered  by  a  complete  survey  on  uniform  principles.  From  eco- 
nomical reasons  the  density  of  this  first  survey  cannot  be  made  greater  than  with 
an  as'erage  distance  between  stations  of  60-70  kilometers.  The  survey  is  expected 
to  take  about  three  years,  and  to  begin  in  1924  or  1925  at  the  latest.  The  detailed 
surveys  made  along  the  coast  since  some  ten  years  will  be  continued,  and  the 
primary  net  is  to  be  resurveyed  in  regular  intervals. 

The  magnetic  survey  of  Finland  is  near  its  completion,  and  in  Norway  a  mag- 
netic survey  is  planned.  In  Denmark  the  older  measurements  are  to  be  com- 
pleted by  new  ones. 

11.  Proposed  Scientific  Work  of  Mac M Ulan  Arctic  Expedition,  1923-1924. — 
Dr.  Donald  B.  MacMillan,  well  known  for  his  Arctic  work,  will  leave  VViscasset, 
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Maine,  lune  2.i,  with  his  spccially-l)uilt  schooner  Bowdoin,  on  an  Arctic  expedi- 
tion during  which  he  expects  to  cruise  along  the  coast  of  l,ahrador  to  about 
latitude  55°  north,  thence  across  Davis  Strait  to  the  southwestern  coast  of  Green- 
land, and  along  the  west  coast  of  Greenland  to  Etah  and  Gape  Sabine.  He  hopes 
to  arrive  at  Cape  Sabine  in  time  to  proceed  to  Jones  Sound,  where  he  will  establish 
winter  quarters  on  the  south  coast  of  Ellesmere  Land,  but  if  for  any  reason  he 
cannot  reach  Jones  Sound,  he  will  winter  near  Cape  Sabine.  Besides  geographic 
and  ethnological  work,  arrangements  have  been  entered  into  with  the  Depart- 
ment of  Terrestrial  Magnetism  of  the  Carnegie  Institution  of  Washington  for 
co-operative  work  in  terrestrial  magnetism,  atmospheric  electricity,  and  polar 
lights,  along  the  lines  successfully  followed  by  Dr.  MacMillan's  Baffin  Land 
Expedition  of  1921-1922.  The  chief  instrumental  equipment  will  be  supplied  by 
the  Department.  Mr.  R.  H.  Goddard,  observer  on  the  staff  of  the  Department  of 
Terrestrial  Magnetism,  and  who  was  with  Dr.  MacMillan  in  1921  to  1922,  will 
accompany  the  Expedition  and,  with  the  assistance  of  Dr.  MacMillan  and  other 
members  of  the  Expedition's  personnel,  will  carry  out  the  proposed  program  of 
scientific  observations. 

While  at  the  winter  quarters,  continuous  observations  in  terrestrial  magnetism 
and  electricity  will  be  made  for  a  period  of  about  eight  months;  special  observa- 
tions of  polar  lights  will  also  be  made.  The  magnetic  observations  will  include 
determinations  of  secular  variation  at  the  C.  L  W.  stations  in  C^.reenland,  Elles- 
mere Land,  Baffin  Land,  and  Labrador,  and  it  is  hoped  that  a  number  of  addi- 
tional magnetic  stations  may  be  occupied  during  the  cruise  and  on  sledge-trips 
from  the  winter  quarters. 

Dr.  MacMillan  is  planning  to  return  to  the  United  States  in  the  fall  of  1924, 
his  return  route  being  along  the  northwest  coast  of  Baffin  Land  and  Labrador. 

12.  Personalia.— We  note  with  regret  the  following  deaths:  Stefan  C.  Hepites, 
the  first  director  and  organizer  of  the  Central  Meteorological  Institute  of  Ru- 
mania, at  Braila,  September  15,  1922,  at  the  age  of  71  years;  W.  W.  Bryant,  since 
1904  in  charge  of  the  Meteorological  and  Magnetic  Department  of  the  Royal 
Observatory,  Greenwich,  on  January  31,  1923,  after  a  brief  illness;  Count  F. 
de  Montessus  de  Ballore,  director  of  the  Seismological  Service  of  Chile  since  1902, 
and  professor  at  the  Faculty  of  Sciences,  Santiago;  Edward  E.  Barnard,  emi- 
nent astronomer  and  diligent  observer  of  polar  lights  at  the  Yerkes  Observatory 
on  February  6,  1923,  at  the  age  of  66  years;  and  Carl  Hartvig  Ryder,  the  well- 
known  director  of  the  Danish  Meteorological  Institute,  on  May  3,  1923. 

Victor  F.  Hess  resigned  his  position  as  director  of  the  research  laboratory  of 
the  United  States  Radium  Corporation,  and  has  returned  to  the  University  of 
Graz  to  resume  his  duties  as  professor  of  experimental  physics.  He  had  been  two 
"years  in  the  United  States  on  furlough.  W.  II.  Eccles  has  succeeded  Admiral  of 
the  Fleet,  Sir  Henry  Jackson,  as  president  of  the  Radio  Society  of  Great  Britain. 
Edward  Kidson  was  elected  chairman  of  Section  A  of  the  Australasian  Association 
for  the  Advancement  of  Science. 

13.  International  Meteorological  Conference,  Utrecht,  1923. — The  sixth  inter- 
national conference  of  directors  of  institutes  and  observatories  will  be  held  the 
second  week  of  September  1923,  at  the  invitation  of  Professor  E.  van  Everdingen, 
director  of  the  Meteorological  Institute  of  Holland  and  in  accordance  with  the 
83rd  resolution  of  the  eleventh  ordinary  meeting  of  the  International  Meteoro- 
logical Committee  (London,  September  1921). 
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ON    THE    DIURNAL    VARIATION    OF    THE    POTENTIAL 
GRADIENT    OF    ATMOSPHERIC    ELECTRICITY.i 

By  S.  J.   Mauchly. 

Abslracl. — New  observations  obtained  aboard  the  Carnegie  during  the  year  ending  November. 
1921,  increased  by  50  per  cent  the  observational  data  regarding  the  diurnal  variation  of  the  potential 
gradient  over  the  oceans.  A  .separate  analysis  of  the  new  data  has  confirmed  the  results  announced 
by  the  author  in  1921=  regarding  the  predominance,  over  the  oceans,  of  a  24-hour  wave  progressing 
approximately  according  to  universal  rather  than  local  time.  It  is  found,  however,  that  at  least 
in  the  Pacific,  there  is  also  a  well-defined  secondary  wave  during  the  months  of  northern  summer. 

The  present  investigation  has  been  extended  to  include  also  the  diurnal  variation  of  the 
potential  gradient  over  the  several  continental  areas.  From  harmonic  analyses  of  the  diurnal 
variation  from  many  widely  separated  stations,  varying  in  latitude  from  78°  north  to  77°  south, 
it  is  found  that,  despite  the  greater  complexity  of  the  variation  over  land,  a  large  percentage  of  the 
stations  considered  show  sufficiently  good  agreement  with  the  ocean  results  to  furnish  strong 
evidence  for  the  assumption  of  a  world-wide  effect  of  24-hoitr  period  progressing  approximately 
according  to  universal  time.  The  average  amplitude  of  this  wave  is  about  20  per  cent  of  the  pean- 
of-day  value  and  the  average  time  of  its  greatest  phase  apparently  varies  somewhat  with  time  of 
year,  ranging  from  about  lb*"  to  19''  G.  M.  T. 

While  there  are  land  stations  in  the  tropical  and  temperate  regions  for  which  the  analytical 
results  are  not  in  accord  with  the  foregoing,  there  is  considerable  evidence  indicating  that  this 
may  be  due  to  local  disturbances  of  large  amplitude  rather  than  to  an  absence  of  the  general 
phenomenon.  The  fact  that  for  <|>2,  the  phase  angle  of  the  12-hour  wave  at  local  midnight,  marked 
departures  from  the  all-stations  mean  are  largely  confined  to  places  where  the  amplitude  of  the 
secondary  wave  is  relatively  small  lends  further  support  to  the  view  that  the  limitations  of  harmonic 
analyses  in  the  form  here  used  may  be  partly  responsible  for  the  lack  of  more  complete  agreement 
between  the  land  and  oceaT  results. 

1.  Since  the  beginning  of  the  fourth  cruise  of  the  non-magnetic 
yacht  Carnegie  early  in  1915,  the  atmospheric-electric  program 
aboard  the  vessel,  in  accordance  with  the  plans  of  the  Director  of 
the  Department  of  Terrestrial  Magnetism,  has  included  frequent 
24-hour  series  of  observations  for  determining  the  magnitude  and 
diurnal  variation  of  the  potential  gradient.  Results  obtained  by 
the  author  in  1921,-  based  on  an  analysis  of  the  observations  from 
July  1915  to  October  1920,  indicated  that  the  diurnal  variation 
of  the  electric  potential-gradient  over  the  oceans  was  due,  pri- 
marily, to  a  single  wave  of  24-hour  period  progressing  approx- 
imately according  to  universal  rather  than  local  time.^ 

'Based  upon  two  papers  presented  bef:re  the  Section  of  Terrestrial  Magnetism  and  Electricity 
of  the  American  Geophysical  Union,  April  18,  1923,  and  the  American  Physical  Society,  April  20, 
1923,  respectively. 

'■Bulletin  of  the  National  Research  Cotntcil,  No.  17,  pp.  73-77,  Washington  (1922),  and  American 
Physical  Review,  N.  S.  vol.  18,  pp.  161-162  and  477,  August  and  December.  1921. 

'The  first  results  of  diurnal-variation  observations  abroad  the  Carnegie  were  published  in  1917 
(Researches  of  the  Department  of  Terrestrial  Magnetism,  vol.  3,  pp.  416-420)  and  from  the  limited 
number  of  observations  then  available  it  appeared  that  the  diurnal  variation  of  the  potential 
gradient  over  the  ocean  was  of  a  type  very  commonly  observed  at  land  stations,  especially  in 
temperate  latitudes  and  in  summer,  namely,  one  characterized  by  two  distinct  maxima  and  two 
minima.  As  will  be  shown  later,  the  difference  between  the  conclusions  of  1917  and  those  of  1921 
is'due  chiefly  to  a  difference  in  the  method  of  reduction. 
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2.  These  preliminary  results  have  since  been  confirmed  by 
many  additional  observations  from  the  Carnegie  which  have 
become  available  for  study  and  comparison.  In  view  of  the  far- 
reaching  theoretical  consequences  involved  in  the  existence  in 
atmospheric  electricity  of  an  approximate  universal-time  effect 
of  any  considerable  magnitude,  it  appeared  desirable  to  carefully 
examine  all  data  capable  of  throwing  light  on  the  nature  of  the 
diurnal  variation  of  the  potential  gradient.  Accordingly,  the 
object  of  the  present  paper  is  twofold:  (1)  to  give,  in  somewhat 
greater  detail  than  heretofore,  the  results  of  the  diurnal-variation 
observ^ations  aboard  the  Carnegie  together  with  the  methods 
employed  in  the  analysis,  and  (2)  to  present  the  results  of  an 
examination  of  the  accumulated  data  regarding  the  diurnal  varia- 
tion of  the  potential  gradient  from  all  land  stations  for  which  the 
records  were  available,  especially  as  regards  the  characteristics  of 
that  component  which  has  a  24-hour  period. 

RESULTS  FROM  OCEAN  OBSERXATIOXS  ABOARD  THE  CARNEGIE. 

3.  The  potential-gradient  observations  aboard  the  Carnegie 
during  the  Cruises  IV,  V,  and  VI  (1915-21)  have  all  been  made 
with  the  mechanical-electrode  type  of  apparatus  described  on 
pp.  380-383  of  the  1917  report  (1.  c.  in  footnote  3).  F'or  the  diurnal- 
variation  observations  the  general  procedure  was  to  make  a  set  of 
20  observations  during  each  of  24  consecuti\'e  hours.  A  set  of  20 
observations  requires  about  20  minutes  and  the  mean  value  of  the 
potential  gradient  derived  from  the  set  is  referred  to  the  mean 
time  of  the  observations. 

4.  In  order  to  secure  mean  diurnal-xariation  curves  free  from 
errors  due  to  the  large  changes  from  day  to  day  in  the  absolute 
value  of  the  potential  gradient,  no  series  of  obscr\ations  was 
utilized  unless  it  covered  appro.ximatcly  an  entire  24-hour 
period,  and  was  complete  or  could  be  completed  by  justifiable 
interpolation.  On  this  principle  of  selection  it  was  necessary  to 
reject  many  series  which  were  terminated  by  the  advent  of  un- 
favorable weather  after  having  been  continued  throughout  the 
greater  part  of  a  day,  but  it  is  beliexed  that  this  loss  was  more 
than  compensated  by  the  fact  that  the  data  for  each  scries  utilized 
correspond  to  an  actually  occurring  24-hour  sequence  of  the 
phenomenon  under  investigation.  Moreover,  the  individual  daily 
cur\cs  show,  in  general,  a  greater  consistency  than  is  usually 
founcl    in    land    obserxations,    and    indicate  the   possibility  of  ob- 
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taining  approximately  correct  mean  curves  from  a  smaller  number 
of  days  than  would  normally  be  required  for  land  observations. 

5.  The  curves  in  Fig.  1  show  the  mean  diurnal  variation  of  the 
potential  gradient  as  derived  from  24  series  of  observations  in  the 
Pacific  Ocean,  5  series  in  the  Atlantic  Ocean,  and  10  in  the  Indian 
Ocean,  respectively,  when  the  usual  method  of  tabulation  is 
followed,  all  observations  being  referred  to  local  time.  That  is. 
the  first  point  on  each  of  the  curves  of  Fig.  1  represents  the  mean 
value  of  all  the  observations  (from  24,  5,  and  10  hourly  sets,  re- 
spectively),   between    midnight    and    1''    L.    IVI.    T.,    referred    to 


Fic;.  1. 

the  corresponding  mean  time  of  observation,  etc.  It  is  obvious, 
from  a  comparison  of  these  curves,  not  only  that,  for  each  of 
the  major  oceans,  the  principal  component  of  the  diurnal  varia- 
tion of  the  potential  gradient  consists  of  a  24-hour  wave  but 
also  that  the  chief  daily  maxima,  and  minima,  occur  at  very  differ- 
ent times  of  the  local  day  in  the  several  oceans.  For  example,  in 
the  Pacific  the  average  time  of  the  occurrence  of  the  chief  maximum 
is  in  the  forenoon,  while  in  the  Atlantic  it  occurs  in  the  late  after- 
noon, and  in  the  Indian  not  until  after  midnight.^ 

«It  is  of  interest  in  passing  to  note  that  in  the  Indian  Ocean  the  observed  maximum  comes  at 
a  time  of  day  when  insulation  difficulties  are  greatest  and  the  corresponding  minmum  at  the  time 
when  good  insulation  is  most  easily  maintained. 
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6.  However,  if  account  is  also  taken  of  the  differences  between 
the  respective  means,  for  the  several  oceans,  of  the  longitude 
positions  in  which  the  observations  were  made,  these  difterences 
are  found  to  correspond  approximately  to  the  observed  differences 
in  the  local  times  at  which  the  daily  maximum  occurs.  While  this 
suggested  an  approximately  simultaneous  occurrence  of,  say 
maximum,  for  each  of  the  three  oceans  and,  therefore,  the  propriety 
of  referring  observations  directly  to  G.  M.  T.,  it  seemed  desirable 
to  make  a  detailed  test  of  the  possibilities  and  results  of  such  a 
procedure  before  deciding  upon  its  general  adoption. 

7.  For  a  rigorous  test  of  the  point  in  question  we  should,  of 
course,  utilize  only  data  from  simultaneous  obserx'ations  at  stations 
differing  considerably  in  longitude.  While  such  a  direct  comparison 
of  Carnegie  observations  was  obviously  not  practicable,  neverthe- 
less some  very  interesting  results  were  obtained  by  comparing  the 
observational  data  from  5  pairs  of  ocean  diurnal-variation  series, 
where  the  longitude-difference  for  each  pair  of  stations  was  about 
180°.  The  10  series  were  selected  on  the  basis  of  their  longitude 
positions  only  and  with  a  view  to  their  separation  into  two  groups 
of  5  having  relativ'ely  small  longitude-differences  between  the 
members  of  each  group. 

Table  1. — Dates  and  geographical  coordinates  of  ten  24-hour  series  of  the  Carnegie 
potential-gradient  observations. 


Group  A                                                    Croup   15 

Long. 

Date 

l.at. 

Long.    ' 

Date 

Lat. 

Lonv;. 

Diff. 
(A-B) 

1917,  Feb.  20-21 

1919,  Dec.  30-31 

1920,  Mar.  16-17 
1920,  Apr.     8-9 
1920,  Apr.   19-20 

51. 6S. 
15.8  S. 
30.4  S. 
24.6  S. 
36.4  S. 

297.1  E. 
341.8  E. 

3.8  E. 
345.7  E. 

6.4  E. 

1920,  Oct.     8-9 

1915,  Sept.  16-17 

1916,  June  23-24 

1915,  Oct.     9-10 

1916,  May  26-27 

o 

45.2  S. 
13.8  N. 

2.9  S. 

9.8  S. 
32.6  S. 

0 

128.1  E. 
166.3  E. 

187.6  E. 

162.7  E. 
187.0  E. 

o 

169.0 
175.5 
176.2 
183.0 
179.4 

Mean  longitude  for  group  A  =  343  E. 
Mean  longitude  for  group  B  =  166  E. 
Mean  longitude-difference       =  177 

Table  1  gives  the  dates,  geographical  coordinates,  and  the 
adopted  groupings  of  these  scries,  and  Fig.  2  the  corrcspondnig 
mean  curves  for  each  group  separately,  A  and  B,  and  for  the  two 
groups  combined,  C.  It  should  be  noted  that,  for  curves  A,  B, 
and  C,  each  individual  20-minutc  set  of  observations  was  referred 
to  local   time,  just  as  were  the  observations  represented  by  the 
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curves  of  Fig.  1,  and  th^il  curve  C,  therefore,  represents  the  local- 
time  mean  of  the  10  series  combined.  The  obvious  phase  difference 
of  about  180°  between  curves  A  and  B  and  the  absence,  in  curve 
C,  of  any  well-defined  periodic  variation,  indicates  at  once  both  a 
predominance,  during  the  observations  here  represented,  of  an 
effect  progressing  approximately  according  to  universal  time  and 
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Fig.  2.  (On  curve  A,  the  value  at  M^l  should  be  1 18  V,  m,  instead  of  128  as  plotted.) 

also  the  non-existence  of  any  considerable  local-time  effects  of 
world-wide  occurrence.  It  will  be  seen  later,  from  §§12  to  14,  Fig. 
4,  and  Table  2,  that  no  serious  error  is  introduced  here  by  the  ob- 
vious inability  to  take  account  of  the  widely  different  times  of 
year  represented  by  the  observations  paired  in  Table  1  and  Fig.  2. 
(For  explanation  of  curve  Z),  see  §18.) 
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8.  Consideration  of  curves  A,  B,  and  C,  of  Fig.  2  leaves  little 
room  for  doubting  that  the  best  approximation  to  the  mean  result 
of  the  10  series  of  observations  would  be  obtained  by  the  adoption 
of  a  common  basis  of  time.  Accordingly,  curve  C  is  the  mean 
curve  obtained  from  the  same  10  series  of  observations  as  used  for 
curve  C,  the  only  difference  being  that  here  each  individual  set  of 
observations  was  referred  to  G.  M.  T.  before  tabulation.  It  is 
apparent,  from  curve  C,  that  the  adoption  of  a  common  time  basis 
is  warranted  and  also  that,  so  far  as  the  Carnegie  observations  are 
concerned,  a  relatively  small  num,ber  of  ocean  series  appear  to 
give  rather  more  dependable  means  than  one  would  be  likely  to 
expect  on  the  basis  of  experience  with  data  from  land  observations. 

9.  In  accordance  with  the  conclusions  drawn  from  Fig.  2 
each  20-minute  set  of  observations  represented  in  Fig.  1  was 
referred  to  G.  M.  T.  (civil)  and  re-tabulated  on  the  new  time  basis. 
Fig.  3  shows,  for  each  of  the  oceans,  the  mean  diurnal  variation 
resulting  from  this  method  of  reduction.  The  full  curve  in  the 
lower  part  of  Fig.  3  is  a  general  mean  curve  for  the  oceans,  ob- 
tained by  combining  all  the  data  represented  in  the  separate 
curves  for  the  Pacific,  Atlantic,  and  Indian  Oceans.  (The  broken 
curve  at  the  bottom  of  Fig.  3  dififers  from  the  full  curve  only  by 
the  inclusion  of  data  from  the  first  six  series  of  observations  re- 
ceived from  the  Carnegie  after  the  completion  of  the  preliminary 
analysis.) 

10.  It  was  on  the  basis  of  the  foregoing  results  that  the  con- 
clusions were  reached  in  1921,  that  the  diurnal  variation  of  the 
potential  gradient  was  of  similar  type  over  the  three  major  oceans 
and  that  it  was  due  primarily  to  a  "wave"  of  24-hour  period  which 
progressed  approximately  according  to  universal,  rather  than 
local,  time.  It  was  also  pointed  out,  at  that  time,  that  the  curves 
of  Fig.  3  show  a  decided  similarity  to  land  results  from  high 
latitudes  and  to  many  of  the  winter  curves  obtained  in  temperate 
latitudes,  provided  account  is  taken  of  the  differences  in  local  time. 

11.  At  the  time  the  aboxe  conclusions  were  reached  the 
Carnegie  was  making  her  sixth  cruise  and  it  was  thus  possible  to 
arrange  for  an  intensified  program  of  diurnal-variation  observa- 
tions which  was  designed  to  \ield  (1)  sufficient  additional  data  for 
testing  the  prexious  results  and  (2)  to  fill  in  certain  gaps  in 
the  distribution  of  the  data  as  regards  time  of  year  and  geographical 
position.  As  a  result  of  this  additional  etTort  on  the  part  of 
the    ol)ser\ers    during    the    last    year  of   the   cruise   20  additional 


DIURNAL   VARIATION  OF  POTENTIAL  GRADIENT 


67 


series  were  obtained  which  conformed  to  the  prexiously  adopted 
standard  of  excellence.  The  new  material,  constituting  an  addition 
of  about  50  per  cent  to  the  available  oceaji  data,  -was  separately  analyzed 
and  found  to  confirm  the  earlier  results,  before  it  was  incorporated 
into  the  general  tabulations  for  strengthening  the  various  ocean 
curves  and  for  carrying  out  further  investigations. 

12.  In  view  of  our  ignorance  of  the  causes  of  the  diurnal  varia- 
tion of  the  potential  gradient  considerable  interest  attaches  itself 
to  any  knowledge  we  may  be  able  to  obtain  regarding  the  constancy 
or  possible  variation  of  its  characteristic  features  during  the 
progress  of  the  year.     To  shed  light  on  this  question  the  observa- 
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tional  data  from,  the  Carnegie  were  divided  into  four  groups  repre- 
senting 3-month  periods  symmetrical  about  the  solstices  and 
equinoxes.  Thus  there  are  12  series  representing  February,  March, 
and  April,  13  series  for  May  to  July,  and  17  series  for  each  of  the 
remaining  quarters.  The  respective  m^ean  curves  together  with  a 
curve  of  mean  hourly  values  for  the  entire  year  are  given  in  Fig.  4. 
It  is,  of  course,  realized,  since  these  mean  curves  are  not  derived 
from  observations  made  at  one  place  or  even  in  the  same  ocean, 
that  they  are  only  approximate  and  that  they  will  undoubtedly  be 
modified  somewhat  in  detail  when  additional  data  become  avail- 
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able.*"  On  the  other  hand  there  is  but  httle  difference  between  the 
characteristic  features  of  the  corresponding  quarterly  curves 
obtained  in  1921  from  a  total  of  39  series  and  the  present  curves 
based  on  50  per  cent  more  observations. 

13.  In  order  to  obtain  approximate  numerical  measures  of  the 
characteristic  features  of  the  diurnal  variation  of  the  potential 
gradient  as  derived  from  the  Carnegie  observations  and  of  their 
changes  during  the  progress  of  the  year  and  also  to  tacilitate 
comparison  between  land  and  ocean  results  the  data  represented 
by  the  curves  of  Fig.  4  have  been  analyzed  by  the  method  of 
Fourier.  Following  the  usual  practice  it  is  assumed  that  the 
value  of  the  potential  gradient  P  is  given  at  any  time  by  the  ex- 
pression 

p  =  p,„+rj  sin  (0+0,)  +c.,sin  (20+(^,)  +r3sin  {3d+ct>,)  +  .  .  .  .  (1) 
6  being  counted  from  O'',  midnight,  G.  M.  T.,  at  the  rate  of  15° 
per  hour.  The  results  of  the  analyses  for  the  solstitial  and  equi- 
noctial quarters  and  for  the  entire  year  are  given  in  Table  2, 
where  the  amplitudes,  c,  are,  however,  expressed  in  percentages 
of  Pm,  the  mcan-of-day  \alue.  (It  should  be  noted,  as  pointed 
out  in  footnote  5,  that  where  absolute  values  of  the  potential 
gradient  are  given  they  are  subject  to  an  increase  of  the  order  of 
20  per  cent). 

T.ABLE  2. — Results  of  Fourier  analysis  of  the   diurnal  variation  of  the  potential 
gradient  (P)  from  observations  aboard  the  Carnegie  1915-1921. 
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Pm 

0. 

02 

03 
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Ci 

C2 

C3 

C^ 

C5/C1 

Feb. -Apr 

May-July 

Aug.-Oct 

Nov.-Jan 

V'm 

114 

94 

97 

105 

197 
163 
168 
204 

273 
209 
218 
225 

0 

208 
119 
250 
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0 

352 

223 

337 

14 

% 
19 
10 
16 
14 

% 

4 

7 

4 

2 

% 
1 
2 

1 
4 

7o 

0.24 
0.72 
0.24 
0.15 

Year 

102 

187 

221 

228 

348 

15 

4 

1 

1 

0  25 

14.  From.  Table  2,  as  from  the  cur\es  of  l-'ig.  4,  it  is  obvious 
that  the  24-hour  wa\c  continues,  throughout  the  \ear,  to  l)c  the 
predominating  feature  of  the  diurnal  \ariation.  Whether  or  not 
the  apparent  annual  variation  of  </>,  is  real  is,  of  course,  a  question 
whose  settlement  must  await  the  results  of  further  observational 
work  o\er  the  oceans.     However,  it  is  of  interest  to  note  that  the 

'The  absolute  values  of  the  potential  KradiciH  a?  Riven  in  I-'iss.  1,  2,  3,  and  4  arc  all  subject 
to  an  increase  of  the  order  of  20  per  cent  owinw  to  the  fact  that  most  of  the  standardization  observa- 
tions could  not  be  made  until  after  the  present  reductions  were  well  advanced.  However,  alt 
relative  values  are  substantially  correct.  Detailed  publication  of  all  diurnal-variation  ob.servations 
from  the  Carnegie  reduced  on  the  basis  of  the  adopted  factors  will  appear  in  a  volume  of  the  "Re- 
searches of  the  Department  of  Terrestrial  MaRnetism." 
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departures  of  </>,  for  the  May-June-July  quarter  and  the  November- 
December-January  quarter,  respectively,  from  </>,  for  the  yearly 
mean  are  similar  in  sense  and  magnitude  to  what  is  found  at  man\- 
land  stations,  as  will  be  shown  later. 

As  regards  the  amplitudes  of  the  harmonics,  the  most  striking 
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Fig.  4. 

fact  brought  out  by  the  analysis  is  the  marked  diminution  of  r, 
and  increase  of  c^  during  the  May-June-July  quarter  similar  to 
what  is  observed  at  most  land  stations,  the  ratio  c,  r,  during  this 
quarter  being,  in  fact,  nearly  5  times  as  large  as  during  the  \ovcm- 
bcr-F^ecember-January  quarter. 

15.     Unfortunately,  the  geographic  distribution  of  the  observa- 
tions for  the  May-Junc-July  quarter  is  not  so  good  as  one  might 
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wish,  since  11  of  the  13  series  of  observations  were  made  in  a 
relatively  small  part  of  the  Pacific  Ocean  (between  latitudes 
35°N.  and  25°S.  and  longitudes  165°E.  and  240°E.)  and  do  not, 
therefore,  represent  the  ocean  as  a  whole.  While  the  two  re- 
maining series,  both  of  which  were  m.ade  in  the  Indian  Ocean, 
show  a  secondary  maximum  at  about  6^  to  8''  G.  M.  T.,  it  is  not 
so  m.arked  as  in  the  observations  from  the  Pacific.  In  order,  how- 
ever, to  obtain  the  maximum  amount  of  evidence  from  the  data, 
a  comparison  was  made  of  the  mean  diurnal  variation  during  May, 
June,  and  July,  as  derived  from  6  series  of  observations  obtained  in 
1915-20,  and  7  series  made  in  1921,  respectively.  The  two  sub- 
sidiary curves  thus  obtained  were  found  to  be  almost  identical  in 
all  essential  features. 

16.  The  close  agreement  of  the  May-July  curve  from  observa- 
tions prior  to  1921  with  that  obtained  from  1921  observations 
points  rather  strongly  to  the  existence,  at  this  time  of  year,  of  a 
12-hour  wave  whose  am.plitude  is  large  as  compared  with  what  is 
found  for  the  other  quarterly  curves.  It  is,  therefore,  pertinent  to 
inquire  regarding  the  nature  of  the  diurnal  variation  of  the  potential 
gradient  in  this  same  region  during  the  remainder  of  the  year. 
Fortunately,  of  the  17  series  for  August-October,  6  represent 
approximately  the  same  region  as  the  May-July  curve;  and  of  the 
17  series  for  the  November-January  quarter,  7  were  obtained  in  the 
area  under  discussion.  In  both  cases  the  subsidiary  m.ean  curves 
resemble  the  yearly  mean  curve  and  the  respective  quarterly  curves 
much  more  closely  than  they  resemble  the  May-July  curve.  In 
other  words,  for  the  area  in  which  the  observations  of  May-July 
were  made,  the  diurnal  variation  of  the  potential  gradient  during 
the  six  months  of  the  year  for  which  comparative  data  are  avail- 
able is  practically  identical  with  that  derived  from  all  oceans,  as 
given  in  Fig.  4,  for  the  same  months.  Consequently,  so  far  as 
the  Pacific  Ocean  is  concerned,  the  evidence  from  the  data  in  hand 
is  entirely  in  favor  of  the  reality  of  the  double  maximum  type  of 
curve  for  the  May-July  quarter.  For  the  remainder  of  the  year, 
however,  the  single-maximum  type  with  only  a  small  amplitude  for 
the  12-hour  wave  appears  to  predominate  for  all  oceans. 

17  Attention  was  directed  by  Liideling*^  to  the  importance  of 
ocean  diurnal-variation  observations  for  supplying  evidence 
regarding  the  correctness  of  Fbert's'^  hypothesis  of  a  causal  relation 
between  the  diurnal-variations  of  the  barometric  pressure  and  the 

'Mel.  Zeil.,  vol.  23,  1906,  pp.  115-121,  especially  p.  121. 
'Met.  Zeil.,  vol.  21,  I'>04.  pp.  201-21.1.  (-ipecially  p.  204. 
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potential  gradient.  Such  evidence  is  especially  desirable  since  it 
has  been  found  by  Chree^  that  the  pressure  curve  at  Kew,  especially 
in  the  afternoon,  shows  a  considerable  lag  with  reference  to  the 
potential-gradient  curve,  whereas,  according  to  Ebert's  hypothesis 
the  pressure  curve  should  always  lead.  Although  Neumayer^  did 
not  call  attention  to  the  fact,  an  examination  of  the  published 
results  of  his  registrations  of  both  potential  gradient  and  at- 
mospheric pressure  at  Melbourne,  1858-'62,  shows  the  same  effect, 
the  pressure  curve  in  this  case  also  lagging  from  1  to  3  hours 
behind  the  potential-gradient  curve.  Despite  the  obvious  need  for 
evidence  on  this  point  from  ocean  observations,  it  turns  out  that  no 
direct  evidence  is  available  from  the  observations  to  date,  since  the 
amplitude  of  the  second  harmonic  over  the  oceans  has  been  found 
large  enough  for  definite  comparisons  only  during  the  May-July 
quarter,  which  is  also  the  quarter  for  which  the  regional  distribu- 
tion of  the  stations  (as  given  in  Section  15)  is  least  favorable  for 
such  a  study.  This  is  due  to  the  fact  that,  for  the  relatively  limited 
region  in  which  the  May-July  data  were  obtained,  the  two  daily 
maxima  occur  on  the  average  at  about  the  same  local  times  as  in 
western  Europe,  since  the  difference  in  local  time,  with  reference 
to  the  European  stations,  is  of  the  order  of  12  hours.  Obviously, 
for  such  a  condition,  no  assistance  can  be  obtained  from  Fourier 
analysis  since  the  value  of  (j)^  would  be  practically  the  same  whether 
the  observations  were  referred  to  G.  M.  T.  or  to  local  time.  Further 
observations  during  the  May-July  quarter,  in  the  Atlantic  and 
Indian  Oceans  would  supply  valuable  data  both  for  determining 
whether  the  12-hour  wave  observed  in  the  mid-Pacific  is  local  or 
world-wide  in  distribution  and  whether  it  progresses  according  to 
local  or  universal  time. 

18.  However,  if  we  assume  the  existence  of  both  24-hour  and 
12-hour  waves  the  combination,  according  to  local  time,  of  observa- 
tions from  two  stations  differing  in  longitude  by  180°  should  result 
in  the  neutralization  of  universal-time  effects  and  the  strengthening 
of  local-time  efTects,  provided,  of  course,  that  the  same  effects 
occur  at  both  stations.  Proceeding  along  this  line,  a  study  was 
made  of  the  data  in  hand  to  determine  (1)  whether  the  12-hour 
wav'e  with  an  average  amplitude  of  4  per  cent  of  the  mean  value 
(ranging  from  2  per  cent  in  December  to  7  per  cent  in  June)  pro- 
gresses more  nearly  according  to  local  or  universal  tini.e;  and  (2) 

H'hil.  Trans.,  Series  \,  vol.  206,  pp.  299-334,  paragraph  27. 

^Meteorological  and  Magnetical  Observation!:,  Flagstaff  Observatory,  185S-1863,  Mannheim, 
1867,  Plates  5  and  7  of  Appendix. 
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whether  there  is  evidence  of  any  other  local-time  components  of 
world-wide  occurrence.  For  this  purpose,  a  separate  study  was 
made  of  the  diurnal-variation  observations  from  24  selected  days 
(12  pairs),  the  places  of  observation  represented  by  each  pair 
differing  in  longitude  by  approximately  180°.  Curve  D,  the 
dotted  curve,  of  Fig.  2,  is  the  mean  curve,  according  to  local  time, 
of  these  "compensated  observations."  (Obviously,  curves  C  and 
D  of  Fig.  2  differ  only  with  respect  to  the  number  of  observa- 
tional series  which  they  represent).  While  an  examination  of 
curve  D  indicates  a  local-time  wave  of  small  amplitude  and 
approximately  6-hour  period  there  is  no  evidence  of  any  other  wave 
of  appreciable  amplitude.  According  to  Fourier  analysis,  the 
6-hour  wave  has  an  amplitude  of  about  3  per  cent  of  the  m.ean-of- 
day  value,  Pm,  and  its  phase  angle,  at  local  midnight,  is  zero. 
19.  Theresults  just  stated,  so  far  as  they  go,  indicate:  (1)  that  the 
12-hour  wave  of  the  diurnal  variation  of  the  potential  gradient  over 
the  ocean,  like  the  24-hour  wave,  is  approximately  a  universal  time 
phenomenon,  as  one  would  indeed  be  led  to  infer  from  the  fact  that 
the  corresponding  phase  angles  (02  of  Table  2)  are  nearl\-  constant 
notwithstanding  the  relatively  large  differences  in  the  local  times 
of  the  stations  at  which  the  observations  were  made;  (2)  as  regards 
the  6-hour  wave,  which  apparently  is  the  only  local  time  wave  of 
general  occurence  over  the  oceans,  both  the  amplitude  and  phase 
angle  arc  in  as  close  agreement  with  the  results  obtained  b>-  Bauer'", 
from  his  analysis  of  the  Ebro  potential-gradient  data  for  1910-20, 
and  those  of  Chree",  based  on  the  Kew  data  from  1898-1912,  as 
one  could  expect  from  the  limited  obser\-ational  data  a\ailal)le  for 
inxestigation.  Whether  the  results  obtained  with  reference  to  the 
6-hour  wave  are  representative  of  an  actual  phenomenon  or  simply 
the  effect  of  a  fortuitous  combination  of  observations  is  another 
ciuestion  which  must  await,  for  answer,  the  accumulation  and  stud\- 
of  more  observational  data.  SinTJiarh',  the  amplitiuie  of  the  12-hour 
wa\'e  o\er  the  oceans  is  in  general  so  small  that  its  failure  to  show 
up  under  the  methcxl  of  securing  local-time  means  from  non-simulta- 
neous "compensated  obserxations"  does  not  !)>■  an\  means  prove 
that  it  occurs  over  the  oceans  as  a  inii\ersal-time  phenomenon.  In 
fact,  owing  to  the  relatixely  small  luunber  of  "compensated"  series 
now  available,  the  most  imjiortant  positi\e  result  coming  from  this 
method  of  attack  is  the  unmistakable  exidence  which  it   furnishes 

'"Terr.  Mag.,  vol.  27,  1922,  pp.  1-30,  Table  14  and  paragraph  40. 

"Phil.  Trans.,  Series  A,  vol.  206,   1906,  pp.  299-334,  paragraph  \^,  and  vol.  21.S,   191.^,  pp. 
1 33- 1.S9,  paragraph   12. 
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with  reference  to  the  progress  of  the  24-hour  wave  approximately 
according  to  universal  rather  than  local  time,  and  the  absence  of 
major  local-time  effects  of  general  occurrence. 

RESl'LTS  FROM  OBSERVATIONS  AT  LAND  STATIONS. 

20.  With  the  confirmation,  from  new  and  independent  observa- 
tions, of  the  occurrence  in  the  diurnal  variation  of  the  potential  gradient 
over  the  oceans  of  a  24-hour  wave  progressing  approximately  according 
to  universal  time,  increasing  interest  attaches  to  the  investigation  of  the 
possible  occurrence  of  a  similar  phemonenon  at  land  stations.  In 
view  of  the  prevalence  at  most  land  stations  of  appreciable  (some- 
times very  large)  local  effects,  a  direct  examination  of  the  observed 
variations  is  not  suitable  for  this  purpose.  It  is  believed,  however, 
that  the  method  of  Fourier  analysis,  despite  its  limitations,  offers 
the  most  satisfactory  means  of  obtaining  evidence  calculated  to 
throw  light  on  this  subject.  Accordingly,  a  comparison  has  been 
made  of  all  available  Fourier  analyses  of  the  diurnal  variation  of 
the  potential  gradient  as  published  by  various  investigators  from 
time  to  time,  together  with  the  results  of  many  new  analyses,  made 
in  the  Department  of  Terrestrial  Magnetism.,  based  partly  on  un- 
published data  and  partly  on  published  data  which  had  not, 
heretofore,  been  thus  utilized.  It  is,  of  course,  obvious  that  there 
can  be  no  uniform  standard  of  reliability  in  such  an  aggregation 
of  observational  and  analytical  results,  but  it  is  believed  that  the 
present  purpose  will  be  best  served  by  a  comparison  of  available 
data  without  specific  differentiation  between  those  based  on  series 
of  many  years  in  extent  and  those  based  upon  observations  of  only 
a  few  months  duration.  Likewise,  no  attempt  is  made,  at  this  time, 
to  distinguish  between  stations  as  regards  excellence  of  equipment 
and  suitability  of  locations. 

21.  To  facilitate  the  comparison  of  data  from,  various  localities 
and  also  to  obtain  as  much  information  as  possible  regarding 
possible  changes  in  the  nature  of  the  diurnal  variation  during  the 
course  of  the  year,  a  separate  tabulation  has  been  made  for  each 
of  four  portions  of  the  year  approximately  symmetrical  about  the 
equinoctial  and  solstitial  months.  (Tables  3,  4,  5,  and  6).  Although 
the  mean  diurnal  variation  for  the  year  possesses  much  less  value 
where  considerable  change  occurs  in  the  diurnal  variation  during 
the  year  than  w^here  its  characteristics  remain  nearly  constant, 
there  is  also  given,  in  Table  7,  a  comparison  of  the  mean  diurnal 
variation    for    the    year,  at  various  stations.     The  chief  value  of 
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Table  7  lies  in  the  fact  that  it  brings  under  comparison  a  number  of 
stations  and  regions  for  which  only  the  mean-annual  data  are 
available.^" 

22.  The  material  summarized  in  Tables  3  to  7,  inclusive,  is 
based  on  the  assumption  that  the  value  of  the  potential  gradient  P 
is  given  by  the  expression  (1)  of  §13,  d  being  here  taken  as  zero  at 
local  midnight.  The  m.ain  com.parison  of  stations  is,  however, 
between  the  respective  phase  angles  of  the  first  harmonic  (24-hour 
wave)  at  0'\  midnight,  G.  M.  T.,  rather  than  on  the  corresponding 
phase  angles  at  local  midnight.  The  G.  M.  T.  corresponding  to 
the  maximum  phase  of  the  24-hour  wave  is  given  also  as  a  some- 
what more  convenient  quantity  for  direct  comparison.  The  sym- 
bols used  in  Tables  3-7  are  briefly  as  follows;  <A,,  the  phase  angle  of 
the  first  harmonic  at  local  midnight;  <^i,  the  phase  angle  of  the  first 
harmonic  at  0'\  midnight,  G.  M.  T.;  G^,  the  G.  M.  T.  (civil)  corre- 
sponding to  the  maximum  phase  of  the  24-hour  wave;  4)^,  the  phase 
angle  of  the  12-hour  wave  at  local  m.idnight;  and  Pm.  c,,  c,,  respec- 
tively, the  mean-of-day  value,  and  amplitudes  of  the  24-hour  and 
12-hour  waves,  expressed  in  percentages  of  Pm- 

23.  From  an  inspection  of  Tables  3  to  7,  inclusive,  it  is  evident 
that  in  each  case  the  range  of  (/>,  is  less  than  the  range  of  0,  and  also 
that  the  mean  departure  of  the  values  of  0,  from  its  mean  value  is, 
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"In  general,  the  data  utilized  in  the  preparation  of  Tables  3  to  7  were  obtained  either  from 
official  observatory  publications  or  from  memoirs  recardinR  the  work  of  special  expeditions,  and 
most  of  the  sources  can  thus  be  located  from  a  knowlcdRe  of  the  places  and  dates  as  Riven  in  the 
tables.  In  addition,  some  of  the  data,  includiuR  the  results  of  various  analys.s,  were  obtained  from 
sjientific  books  and  periodicals,  while  the  data  Riven  for  IJowdoin  Harbor  (the  winter  quarters  of 
the  MacMillan  Baffin  Land  Expedition  of  l<>21-'22)  and  for  WasliinRton  are  based  on  preliminary 
reductions  ai  unpublished  data  from  observations  by  the  Department  of  Terrestrial  .MaRuetism. 
Full  references  to  all  sources  consulted  will  be  Riven  in  a  forthcomiuR  monoRram  on  this  subjeit 
which  will  appear  in  "Researches  of  the  Department  of  Terrestrial  MaRnetism." 
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Table  4. — Resulls  of  Fourier  analysis  of  the  diurnal  variation  of  the  potential 
gradient  for  months  of  northern  summer. 


Place 


Cape  Bismark. 

Karasjok 

Etiinburgh.  .  .  . 

Potsdam 

Kew 

Paris 

Eiffel  Tower.  . 

Munich 

Kremsmiinstcr 
Sonnblick .  .  .  . 

Davos 

Lyons 

Trieste 

Ebro 

Baltimore .... 
Washington. .  . 

Algiers 

Batavia 

Rio  de  Janeiro. 
Melbourne. .  .  . 
Petermann  I .  . 
Cape  Evans. .  . 

Carnegie 


Months 


June,  July 
May-July. 
Apr.-Sept. 

June.  .  . 
May-Aug. 
May-Aug. 
May-Aug. 

June.  .  . 
Apr.-Oct. . 
June-Julv. 
May-July 
June- Aug. 
June- Aug. 

June.  .  . 
Apr.-Julv. 

July.:. 
May-Aug. 
Apr.-Sept. 
Mar.-Aug. 

June.  .  . 
June-Aug. 
May-July. 

May- July. 


Years 


1908 

1904 

1912 

1904-08 

1898-1912 

1894-98 

1896-98 

1905-10 

1902-11 

1902 

1909-10 

1885-90 

1904 
1910-20 

1887 
1918-21 
1912-17 
1887-90 

1911 

1858-62 

1909 

1911 


Lat. 


76. 8N 
69. 3X 
55. 9N 
52. 4X 
51.5N 
48. 8N 
48. 8N 
48.  IN 
48.  ON 
47. 3N 
46. 8N 
45. 8  N 
45. 6N 
40. 8N 
39. 3N 
39.  ON 
36. 8N 
6.2S 
22. 9S 
37. 8S 
65.  2S 
77. 6S 


Long. 


19.0\V 

25 ,  6E 

3 .  2\\' 

13. IE 

0,3\V 

2.3E 

2.3E 

11. 6E 

14. IE 

12. 6E 

9.8E 

4.8E 

13. 8E 

0.5E 

76.6\V 

77.1\V 

3. IE 

106. 8E 

43 .  2\\' 

145.  OE 

64 .  2\\' 

166.4E 


209 
141 
268 

35 
113 

95 
216 
307 
231 
173 
296 
256 
236 
154 
228 
220 
236 

78 

278 

244 

219 

8 


190 
167 
265 

48 
113 

97 
218 
319 
245 
186 
306 
261 
250 
154 
151 
143 
239 
184 
235 

29 
155 
174 

163 


(G.M.T.) 


17 

18 
12 
2 
22 
23 
15 


8.7 
13.7 
17.6 

9.6 
12.6 
13.3 
19.7 
19.9 
20.5 
14 
17 
14 

4 
19 
18 


19.1 


238 
144 
193 
191 
185 
197 
171 
191 
196 
142 
227 
188 
191 
196 
307 
184 
162 
219 
151 
197 
320 
209 


C2 


C2/Cl 


0.19 
0.56 
1.75 
0.90 
5 .  00 
1.54 
0.64 
0.95 
0.78 
0.65 
1.52 
1.43 
0.29 
2.78 
0.56 
1.03 
0.50 
0.29 
0.75 
3.33 
0.23 
0.42 

0.72 


T.\BLE  5. — Results  of  Fourier  ajialysis  of  the  diurnal  variation  of  the  potential 
gradient  for  months  of  northern  autumn 


Place 


Karasjok 

Potsdam 

Kew 

Paris 

Eiffel  Tower .  . 

Munich 

Kremsmiinster 

Davos 

Ebro 

Washington. .  . 
Melbourne. .  .  . 
Petermann  L  . 
Cape  Evans. .  . 

Carnegie 


Months 


Aug.-Oct . 

Sept . . . 

Sept . , . 
Sept. -Oct. 
Sept. -Oct. 

Sept . . . 

Sept . . . 
Aug.-Oct . 

Sept . . . 

Oct ... . 

Sept . . . 
Sept. -Nov 
Aug.-Oct . 

Aug.-Oct. 


Years 


1903-04 
1904-08 
1905-12 
1891-98 
1895-98 
1905-10 
1902-11 
1909-10 
1910-20 
1918-21 
1858-62 
1909 
1911 


Lat. 


69. 3N 
52. 4N 
51.5N 
48. 8  N 
48. 8N 
48.  IN 
48.  ON 
46. 8N 
40. 8N 
39.  ON 
37. 8S 
65 .  2S 
77.  6S 


Long. 


25. 6E 

13. IE 

0 .  3W 

2.3E 

2.3E 

11. 6E 

14. IE 

9.8E 

0.5E 

77.  IW 

145. OE 

64 .  2W 

166  4E 


170 

187 
197 
182 
212 
258 
224 
248 
203 
237 
66 
220 
346 


196 
190 
197 
184 
214 
270 
23^ 
258 
204 
160 
211 
156 
152 

168 


G. 
(G.M.T.) 


16.9 

17.3 
16.9 
17.7 
15.7 
12.0 
14.1 
12.8 
16.4 


19 
15 
19 


19.9 

18.8 


184 
163 
195 
213 
185 
191 
200 
209 
193 
176 
211 
353 
202 


C2/C1 


0.83 
9.09 
1.25 
1.47 
0.23 
1.41 
0.99 
2.22 
I'lO 
0.36 
1.96 
0.17 
0.63 

0.24 
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T.\BLE  6. — Results  of  Fourier  analysis  of  the  diurnal  variation  of  the  potential 
gradient  for  months  of  northern  winter. 


Place 

Months 

Years 

Lat. 

Long. 

01 
189 

01 

o 

215 

(G.M.T.) 

4>, 

Ci 

% 
3,5 

C-j 

c 

/o 

14 

C2/C1 

Karasjok 

Nov. -Jan.  . 

1903-04 

69. 3N 

25. 6E 

h 

15.7 

o 

155 

0.41 

Edinburgh 

Oct. -Mar.  . 

1912 

55. 9N 

3 .  2W 

222 

219 

15.4 

161 

21 

6 

0.30 

Potsdam 

Dec 

1904-08 

52. 4N 

13. IE 

206 

219 

15.4 

179 

22 

5 

0.25 

Nov.-Feb. . 
Nov.-Feb. . 
Dec. -Feb.  . 

1898-1912 
1895-99 
1905-10 

51. 5N 

48. 8N 
48.  IN 

0.3\V 

2.3E 

1 1 .  6E 

209 
241 

209 
225 
253 

16.1 
15.0 
13.1 

181 
206 
187 

12 

22 
26 

11 
10 
15 

0  90 

Paris         

0.47 

Munich 

0.56 

Kremsmunster . 

Nov.-Mar. 

1902-11 

48.  ON 

14. IE 

212 

226 

14.9 

172 

30 

U 

0.43 

Davos 

Nov. -Jan.  . 

1909-10 

46. 8N 

9.8E 

217 

227 

14.9 

189 

35 

16 

0.44 

Lyons 

Dec. -Feb.  . 
Dec. -Feb.  . 

1885-90 
1904-05 

45. 8  N 
45. 6  N 

4.8E 
13. 8E 

220 
226 

225 
240 

15.0 
14.0 

183 
212 

13 

55 

10 

5 

0.76 

Trieste 

0.09 

Ebro         

Dec 

Oct. -Feb... 

1910-20 
1885-86 

40. 8N 
39. 3  N 

0  5E 
76 .  6\\' 

224 
255 

224 
178 

15.1 
18.1 

193 
239 

22 
14 

9 
9 

0.40 

Baltimore 

0.66 

Washington. .  .  . 

Jan 

1918-21 

39.  ON 

77.1\V 

257 

180 

18.0 

161 

19 

9 

0.48 

Algiers 

Nov.-Feb. 

1912-17 

36. 8N 

3. IE 

234 

237 

14  2 

114 

32 

8 

0  26 

Batavia 

Oct. -Mar.  . 

1887-90 

6.2S 

106.8E 

70 

177 

18.2 

220 

64 

23 

0.36 

Rio  de  Janeiro.. 

Sept. -Feb. . 

1910-11 

22. 9S 

43  2\V 

286 

243 

13.8 

171 

il 

23 

0.72 

Melbourne 

Dec 

1858-62 

37. 8S 

145.0E 

63 

208 

16.1 

210 

25 

24 

0.96 

Cape  Evans. .  .  . 

Nov. -Jan .  . 

1911-12 

77  6S 

166. 4E 

66 

232 

14  5 

243 

21 

4 

0.22 

Carnegie 

\o\'.-Jan 

204 

16  4 

14 

2 

0.15 

T.VBLE   7. — Results  of  Fourier  analysis  of  the  diurnal  variation  of  the  potential 
gradient  from  mean  hourly  valttes  for  entire  year. 


(i> 

Place 

\  ears 

Lat. 

Long. 

01 

01 

(G.M.T.) 

<Pi 

C] 

% 

C-i 

% 

Cj /Ci 

0 

0 

0 

° 

h 

Cape  Thordsen ... 

1882-83 

78. 5N 

15. 7E 

178 

194 

17     1 

230 

/ 

3 

0.47 

Karasjok 

1903-04 

69. 3  N 

25 .  6E 

177 

203 

16  5 

158 

1^ 

17 

0.59 

Bowdoin   Harbor 

1920-21 

64. 4  X 

78.  OW 

291 

213 

15.8 

202 

1\> 

1 

0.04 

Edinburgh 

1912 

55.9X 

3  2\V 

U?, 

230 

14   7 

183 

14 

10 

0.72 

Eskdalemuir 

1916 

55. 3  X 

3  2W 

120 

117 

T)     1 

177 

15 

10 

0.64 

Kew            

1898   1912 
1905-10 
1902-11 

52. 5  X 
48.  IX 
48.  OX 

0  3W 
11. 6E 
14. IE 

190 
250 
221 

190 
262 

17  3 
12  5 
14  3 

187 
190 
188 

8 
U 

16 
21 
13 

2  08 

Munich          

0.90 

Kremsmunster. 

0.56 

Trieste 

1902-05 

45. 6  X 

13. 8E 

236 

250 

13  3 

155 

,■>."> 

6 

0.12 

I'erpignan 

1886-88 

42. 6X 

2  9E 

201 

204 

16  4 

210 

16 

18 

1.08 

Baltimore 

1885-86 

39. 3  N 

76. 6  W 

253 

176 

18  3 

287 

12 

/ 

0.60 

Washington 

1918 

39.  ON 

77   IW 

261 

184 

17   7 

166 

18 

12 

0.64 

Tokyo 

/ 1897-98! 
1 1900-01 f 

35. 7  X 

139.8E 

43 

183 

17.8 

218 

30 

30 

1.00 

Batavia 

1890   1900 

6  2S 

106  8  E 

84 

191 

17  3 

210 

49 

31 

0.63 

Rio  de  Janeiro 

1910-11 

22  9S 

43  2W 

283 

239 

14   1 

161 

25 

18 

0.72 

Mell)ourne 

1858-62 

37,  8S 

145  OE 

65 

210 

16  () 

206 

13 

m 

2.13 

Cape  Evans 

1911-12 

77  6S 

166  4  E 

?>^ 

199 

16  7 

n^ 

14 

6 

0.42 

Carnegie 

1915   21 

187 

17  5 

15 

4 

0  25 

DIURNAL   VARIATION  OF  POTENTIAL  GRADIENT 


77 


in  each  table  less  than  the  corresponding  quantity  for  0,.  More- 
over, the  reduction  in  ranges  and  mean  departures  from  the  axerage 
values  are  very  appreciable  in  all  cases  except  for  the  months  cor- 
responding to  summer  in  the  Northern  Hemisphere  (Table  4). 
However,  ranges  and  average  departures  for  this  quarter,  based 
only  on  data  from  stations  a^  which  c,/c,  <0.67,  show  as  great 
reductions  in  going  from.  0,  to  0,  as  do  those  for  the  remainder  of 
the  year.  To  further  facilitate  comparison  of  the  land  results  for 
difTerent  parts  of  the  year  and  also  the  comparison  of  land  and 
ocean  results,  Tables  3  to  7,  inclusive,  are  summarized  in  Table  8. 

Table  8. — Summary  of  mean  results  derived  from  Tables  3  to  7,  inclusive. 
(All  symbols  as  in  the  preceding  tables  and  as  given  in  §22.) 


Tabl( 


Mean  Month 

(approximate) 


March . 
•^June.  . 


September.  .  . 
December .  .  . 

January-  to  ) 
December     \ 


Range 


206 
299 

(228) 
280 
223 

258 


111 
290 
(99) 
118 
76 

145 


Av.    Depart, 
from  ^lean 


41 
68 
(60) 
41 
46 

69 


28 
59 

(26) 
28 
16 

24 


Mean 


222 
188 
(191) 
202 
219 

205 


Gi   (Mean  J 


All 
Stations 

c.  ci<0.67 

Ocean 

(Carnegie) 

h 

h 

h 

15.2 
15.3 

16.8 
17.2 

16.9 
19.1 

16.5 
15  4 

18.6 

15.5 

18.8 
16.4 

16.3 

16.9 

17.5 

*The  quantities  enclosed  in  parentheses  are  special   means  for  Table  4,   based   only  on  stations  for 
which  c,Ci<,0.67. 

24.  From  Table  8  it  appears  that  there  is  good  evidence  for 
•      concluding  that  the  24-hour  wave  in  the  diurnal  variation  of  the 

potential  gradient  progresses  approximately  according  to  universal 
rather  than  local  time,  and  that  the  time  of  its  maximum  develop- 
ment is,  as  a  first  approximation,  nearly  constant  throughout  the 
year  and  the  same  over  land  and  ocean  areas.  There  are,  to  be 
sure,  many  stations  at  which  the  observations  show  large  de\'ia- 
tions  from  this  general  law,  either  in  having  a  different,  though 
fairly  constant,  time  at  w^hich  the  24-hour  wave  reaches  its  max- 
imum, as  for  example,  Munich  and  Edinburgh,  or  in  having  a 
large  annual  variation  in  0j  and  G^,  as  well  illustrated  by  Kew, 
Melbourne,  Paris,  and  Potsdam.  In  general,  however,  the  stations 
which  show  the  greatest  departures  from  the  mean  result  are  those 
at  which  relatively  large  local  effects  obviously  introduce  con- 
siderable, uncertainty  as  to  the  phase  angle  0,. 

25.  Although  the  approximate  constancy  of  0,  and  G^,  through- 
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out  the  year,  may  be  taken  as  the  outstanding  feature  of  Table  8, 
there  are,  as  already  stated  in  Section  15,  some  indications  of  an 
annual  variation  in  these  quantities  deserving  further  notice.  For 
exam.ple,  in  each  of  the  last  two  columns  of  Table  8,  that  is,  both 
for  land  and  ocean  data,  there  is  a  range  of  about  3  hours  in  the 
values  of  G,  (Mean);  also,  in  each  column,  the  arithmetic  mean 
of  the  "June"  and  "September"  values  of  G,  {Mean)  exceeds  the 
arithmetic  mean  for  the  "March"  and  "December"  quarters  by 
about  2  hours.  In  other  words,  the  mean  analytical  results  both 
from,  the  Carnegie  observations  and  from  all  land  stations  where 
cjc^  <  0.67  indicate  an  average  annual  change  of  about  2  or  3  hours  in 
the  value  of  G^,  the  maximum,  of  the  24-hour  wave  occurring  earlier 
by  that  amount  during  the  months  of  northern  winter  and  spring 
than  during  the  months  of  northern  summer  and  autumn.  From 
the  Carnegie  data  alone,  one  might  be  inclined  to  regard  this 
result  as  an  accidental  outcome  which  would  vanish  with  the 
accumulation  of  more  observational  data.  However,  the  con- 
sistency of  the  Carnegie  results  from,  the  several  cruises  is  good 
on  this  point,  and  the  agreement  of  the  land  stations  among  them- 
selves is  the  more  remarkable  when  it  is  noted  that  approximately 
the  same  annual  shift  occurs  at  stations  in  the  Northern  and 
Southern  Hemispheres  and  in  each  of  the  major  continents.  While 
individual  exceptions  are  frequent,  the  general  result  is  of  sufficient 
interest  and  importance  to  justify  its  consideration  as  one  of  the 
factors  which  may  need  to  be  taken  account  of  in  a  general  theory 
of  atmospheric  electricity. 

26.  In  view  of  the  facts  noted  in  Section  17,  regarding  a  possible 
relation  between  the  diurnal  \'ariations  of  potential  gradient  and 
atm.ospheric  pressure,  the  approximate  constancy  of  the  phase 
angle  of  the  12-hour  wave,  02,  at  local  midnight  is  of  especial  interest. 
Although  there  are  several  exceptions,  the  tables  in  general  indicate 
that  the  values  of  <t).^  which  depart  most  widely  from  the  usually 
occurring  mean  values  (180°  to  200°)  are  those  from  stations  for 
which  f.^/c,  is  relati%'ely  small,  which  is,  of  course,  what  (Mie  would 
expect. 

27.  Several  other  features  not  obvious  from  the  tai)les  should 
be  mentioned  in  passing:  For  exam.ple,  although  both  Kew  and 
Potsdam  show  a  very  marked  change  in  the  phase  angle  f)f  the 
24-hour  wave  during  the  course  of  the  year,  the  changes  are  not 
in  the  same  sense.  That  is.  at  Kew  the  ma.ximum  phase  of  the 
24-hour  wave  occurs  some  5  or  6  hours  later  in  June  than  in  January, 
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while  at  Potsdam  it  occurs  about  14  or  15  hours  earlier  in  June  than 
in  January.  Since  these  stations  differ  very  little  in  either  latitude 
or  longitude  and  since  their  respective  values  of  C,  dilifer  by  less 
than  an  hour  in  December  there  seem.s  little  doubt'  that  local 
conditions  play  an  important  role  in  the  diurnal  variation  at  both 
places,  especially  during  the  months  of  northern  spring  and  summer. 
Although  the  reversed  effect  observed  at  Potsdam,  is  also  in  evidence 
at  Melbourne  and,  to  a  much  smaller  degree,  at  several  other 
stations,  the  most  frequently  occurring  type  of  annual  change  in  G^ 
is  that  suggested  by  the  ocean  results  and  of  which  Kew  and 
Paris  are  extrem.e  cases.  However,  from  a  comparison  of  the  data 
from.  Tables  3  to  6,  inclusive,  it  is  obvious  that  there  are  numerous 
regions  in  which  G^  remains  nearly  constant  throughout  the  year 
or  shows  only  a  small  change  similar  to  that  found  from  the  ocean 
data. 

Another  point  of  interest  is  that  at  Melbourne,  a  temperate- 
zone  station  in  the  Southern  Hemisphere,  the  largest  values  of 
c^/c^  occur  during  the  same  m.onths  as  at  most  stations  in  the 
Northern  Hemisphere,  and  the  maximum,  departure  of  G^  from 
the  general  average  value  also  occurs  during  these  same  months; 
that  is,  during  the  same  m.onths  as  at  Kew,  Potsdam.,  and  Paris. 
28.  The  author's  best  thanks  are  due  Dr.  Louis  A.  Bauer, 
Director  of  the  Department  of  Terrestrial  Magnetism.,  at  whose 
suggestion  the  reduction  and  study  of  the  ocean  observations  were 
taken  up,  both  for  his  continued  interest  and  encouragement  and 
for  the  use  of  the  results  of  num.erous  Fourier  analyses  from,  his  own 
investigations.  The  utmost  credit  is  also  due  each  of  the  several 
commanders  of  the  Carnegie  and  the  various  observers  upon  whom 
fell  the  responsibility  and  burden  of  making  such  extensive  diurnal- 
variation  observations  at  sea.  In  this  connection,  especial  mention 
should  be  made  of  the  pioneer  work  of  Mr.  H.  F.  Johnston  who 
was  responsible  for  the  practical  working  out  of  the  diurnal- 
variation  program  aboard  the  vessel  during  the  early  part  of 
Cruise  IV  and  to  Captain  J.  P.  Ault  and  Observor  Andrew  Thomson, 
who  by  their  indefatigable  efforts,  m.ade  half  as  m.any  diurnal- 
variation  observations  during  the  last  12  months  of  Cruise  \T  as 
had  been  obtained  during  the  period  1915-20,  inclusive,  thus 
pro\iding  the  new  data  required  for  confirmation  of  the  original 
results.  Finally,  the  author  is  under  obligation  to  all  who  assisted 
in  the  various  stages  of  the  reduction  work,  but  especially  to  Dr. 
G.  R.  Wait  for  assistance  in  the  original  reductions  of  1920  and  to 
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Mr.  C.  C.  Ennis  and  Miss  Mary  C.  Parker  for  their  valuable  as- 
sistance in  the  later  reductions  including  many  analyses  of  data 
from  land  stations.  Mr.  Ennis  also  prepared  the  diagrams  appear- 
ing in  this  paper. 

SUMMARY  AND  CONCLUSIONS. 

30.  a.  In  confirmation  of  the  results  of  a  preliminary  analysis 
published  in  1921  it  is  found  that  the  preponderance  of  e\adence 
from  observations  made  aboard  the  Carnegie  in  each  of  the  major 
oceans,  indicates  that  the  diurnal  variation  of  the  potential  gradient 
over  the  oceans  is  primarily  due  to  a  24-honr  "ivave",  ichich  progresses 
approximately  according  to  universal  rather  than  local  time.  Ac- 
cording to  the  mean  yearly  results,  from  all  ocean  observations  to 
date,  this  primary  wave  has  an  amplitude  of  about  15  per  cent  of 
the  mean-of-day  value  of  the  potential  gradient  and  attains  its 
m.aximum  development  at  about  17''.5  G.  M.  T. 

b.  Although  the  phase  angle  of  the  24-hour  \va\-e  at  0''  G.  M.  T. 
remains  approximately  constant  throughout  the  year  there  is  some 
evidence  of  a  small,  though  not  negligible,  annual  \ariation  in  this 
quantity,  corresponding  to  the  development  of  the  potential- 
gradient  maximum  in  the  months  of  northern  summer  somewhat 
later  than  in  the  months  of  northern  winter.  This  annual  shift 
of  the  time  of  maximum  appears  to  be  of  the  order  of  2  to  3  hours. 

c.  Only  in  the  mid-Pacific  has  it  been  possible  to  follow  up  the 
changes  in  the  diurnal  variation  throughout  the  year  in  a  gi\en 
region.  Here  the  results  to  date  indicate,  during  the  months  cor- 
responding to  mid-summer  in  the  Northern  Hemisphere,  a  con- 
siderable reduction  in  the  amplitude  of  the  24-hour  wave  and  the 
development  of  a  12-hour  wave  whose  amplitude  (f,)  is  about 
70  per  cent  as  great  as  that  of  the  24-hour  wave  (cj.  The  double- 
daily  maxima  of  the  12-hour  wave  occur  in  the  mid-Pacific,  at 
approximately  the  same  local  time  as  at  most  land  stations.  During 
the  remainder  of  the  year,  however,  the  total  diurnal  variation  is 
found  to  l)e  practically  the  same  for  each  of  the  major  oceans,  the 
amplitude  of  the  12-hour  wave  being,  in  each  case,  relatively  small. 

d.  Lack  of  the  requisite  observations  in  the  Atlantic  and 
Indian  Oceans  during  the  months  of  northern  summer  makes  it 
impossible  to  say,  at  present,  whether  or  not  the  12-hour  wa\e,  in 
these  oceans  and  at  this  time  of  year,  assumes  a  relatively  large 
amplitude  as  it  does  in  the  Pacific.  Similarly,  and  for  the  same 
reasons,  it  can  not  be  determined,  for  the  present,  whether  the 
12-hour  wave  over  the  oceans  progresses  according  to  local  or 
unixersal  time. 

e.  The  results  of  a  special  method  of  in\'cstigation  suggest  the 
possible  occurrence  over  the  ocean  of  a  local-time  wa\e  of  small 
amplitude  and  6-hour  period  similar  to  that  indicated  for  Ebro 
and  Kew  by  the  investigations  of  Bauer  and  Chree,  respectively. 

/.    From  comparison  of  the  phase  angles  of  the  24-hour  wave 
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as  obtained  from  the  Fourier  analysis  of  the  observational  data 
from  many  iv-idely-dislributed  land  stations,  it  is  shown:  (1)  that  the 
respective  values  of  this  phase  angle  at  0'',  m.idnight,  G.  M.  T.,  </>,, 
are  in  much  better  accord  than  are  the  corresponding  values,  0,, 
at  local  m.idnight;  (2)  that,  for  the  majority  of  the  stations  com- 
pared, the  m.ean  G.  M.  T.  at  which  the  maximum  of  the  24-hour 
wave  occurs  does  not  dififer  greatly  from  the  corresponding  time 
derived  from,  the  ocean  observations  as  noted  under  a;  and  (3) 
that  at  most  of  the  stations  which  appear  to  be  least  affected  by 
local  disturbances,  there  is  an  a\erage  tendency  toward  an  annual 
variation  in  the  phase  angle  of  the  24-hour  wave  at  O''  G.  M.  T,, 
similar  in  sense  and  magnitude  to  that  indicated  by  the  Carnegie 
results,  noted  under  h. 

g.  The  comparison  of  the  analytical  results  also  shows:  (1) 
that  the  land  stations  w^hich  show  the  greatest  values  of  cjc^  are  in 
general,  though  not  always,  the  ones  which  show^  for  the  value  of 
the  phase  angle  of  the  24-hour  wave  at  0*^  G.  M.  T.,  the  greatest 
departures  from  the  mean  for  all  stations,  and  (2)  that  for  0.,  the 
phase  angle  of  the  12-hour  wave  at  local  m.idnight,  the  greatest 
departures  from,  the  m.ean  value  for  all  stations  are  usually  found 
at  those  stations  for  which  c,  'c^  is  relatively  small.  Accordingly, 
a  study  of  the  phase  angles  of  either  the  primary  or  the  secondary 
wave  is  not  likely  to  give  either  consistent  or  reliable  results  unless 
account  is  also  taken  of  the  ratio  of  the  am.plitudes. 

h.  Only  during  the  m.onths  corresponding  to  m.id-summer  in 
the  Northern  Hemisphere  does  there  appear  to  be  any  serious 
obstacle  to  the  general  acceptance  of  a  world-wide  and  approx- 
im.ately  universal-time  effect  in  the  diurnal  variation  of  the  potential 
gradient,  and  even  during  this  part  of  the  year  the  results  from  a 
large  percentage  of  the  stations  com.pared  are  in  sufficiently 
good  agreem.ent  with  the  ocean  results  to  justify  a  suspi- 
cion that  predominating  local  effects  m.ay  be  largely  responsible 
for  this  apparent  disagreement.  Accordingly,  there  appear  to  be  good 
grounds  for  concluding  that,  in  general,  the  24-hoiir  wave  of  the 
potential  gradient  progresses  approximately  according  to  universal 
time  over  the  entire  surface  of  the  Earth. 

It  is  hoped  that  a  study  now  under  way  of  the  interrelations 
between  the  potential  gradient  and  the  meteorological  and  other 
atmospheric-electric  elements  will  also,  by  the  aid  of  the  point  of 
view^  herein  set  forth,  m.ake  it  possible  to  determine  in  greater  detail 
the  relation  between  local  and  world-wide  effects. 

Department  of  Terrestrial  Magnetism, 
Carnegie  Institution  of  Washington. 
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RESULTS  FROM  MAGNETIC  EAST-WEST  PATHS 
AROUND  THE  EARTH. 

By  W.  J.  Peters. 

In  the  preliminary  aniilysis  of  the  Earth's  magnetic  held  for 
1922  by  Dr.  Louis  A.  Bauer, ^  it  was  found  desirable  to  ascertain 
how  an  east-west  path  around  the  Earth  would  close  that  was 
everywhere  throughout  its  length  perpendicular  to  the  direction  of 
the  compass  needle,  or  to  the  horizontal  com.ponent  of  the  Earth's 
magnetic  field.  The  considerations  involved  and  the  method 
adopted  in  constructing  eleven  such  paths  are  given  in  these  notes, 
together  with  the  results. 

The  actual  tracing  of  a  path  with  the  required  accuracy,  exactly 
magnetic  east  or  exactly  magnetic  west,  on  land  and  over  sea, 
presents  many  practical  difificulties.  Periodical  time  changes  all 
along  the  path  introduce  uncertainties.  Over  land,  local  dis- 
turbances- interfere  and  cities  and  other  constructional  culture 
obstruct  the  necessary  surveying  operations,  while  over  the  seas, 
where  the  only  available  method  at  present  is  to  continue  the  path 
on  a  non-magnetic  ship,  ocean  currents  and  leeway  affect  the 
closure  sought,  not  only  by  precisely  the  sum  of  their  components 
perpendicular  to  the  path,  but  also  by  shifting  the  path  in  regions 
of  critical  or  steep  gradients  of  the  declination,  and  thereby  in- 
troducing errors  in  its  direction.  The  tracing  of  a  path  upon 
isogenic  charts  of  the  world  is  free  from,  these  sources  of  error 
though  subject  to  others.  Local  disturbances  have  been  effaced  in 
the  smooth  isogenics,  and  time  changes  are  taken  care  of  in  the 
reduction  to  a  common  epoch.  Cultural  detail,  ocean  currents  and 
winds  no  longer  enter  the  problem..  Hence  the  plotted  closure  of  a 
circuit  extending  exactly  magnetic  east  or  west  around  the  Earth 
depends  in  this  method  only  upon  the  systems  of  m.agnetization 
represented  by  the  particular  isogenics  and  upon  the  accuracy  with 
which  data  can  be  scaled  from,  the  chart  or  plotted  thereon.  Un- 
fortunately,   the    errors    of    plotting    usually    accumulate.      It    is 

'Chief  Results  of  a  Preliminary  Analysis  of  the  Earth's  Magnetic  Field  for  1922,  Terr.  Mag., 
vol.  28,  1923,  pp.  27-28. 

=Such  a  path  could  be  traced  overland  only  step  by  step  as  a  surveyor  runs  his  lines.  .\  local 
disturbance,,  therefore,  might  not  be  approached  and  left  gradually,  but  on  the  contrary  its  in- 
fluence might  be  confined  to  one  station  only.  .\  continuous  translation  of  the  needle  along  the 
path  would  be  practical  only  at  sea. 
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possible  to  compute  the  closure  of  the  path  by  a  long  process 
involving  repeated  approximations,  provided  that  the  magnetic 
declination  is  given  as  an  analytical  function  of  the  latitude  and 
longitude.  The  work  entailed,  however,  renders  this  method 
practically  useless. 

The  sim.plest  graphical  m.ethod  is  to  plot  the  path  on  the  chart, 
as  consisting  of  elementary  straight  lines,  from,  isogonic  to  isogonic; 
for  then  the  values  of  the  declination  are  known  a  priori  for  each 
end  of  the  element  of  path  between  any  two  isogonics.  The  plotting 
proceeds  by  laying  off  the  directions  or  courses  which  are 
\  (D,  +  A)  +  90°,  1  (A  +  D,)  +  90°,  etc.,  D„  D,,  D,,  etc., 
being  the  values  of  the  declination  represented  by  the  successive 
isogonics  that  are  intersected.  In  this  process,  a  linear  change  in 
declination,  D,  is  assum.ed  along  the  elementary  path,  As,  between 
any  two  isogonics.  The  principal  objection  to  this  method  is  the 
uncertainty  in  plotting  that  grows  as  the  number  of  elementary 
paths  increase.  The  following  m.ethod,  combining  graphical  and 
computing  operations  pari  passu  as  the  path  proceeds,  is  the  one  by 
which  the  results  stated  in  Table  1  were  obtained. 

An  element  A^  of  the  path  is  plotted  between  two  consecutive 
isogonics,  as  just  described.  The  longitudes,  A.j  and  A.„  of  each 
end  of  the  element  are  then  scaled  from,  the  chart  and  a  table 
formed  from  which  AA  is  derived.  If  on  a  Mercator  projection, 
Am  represents  the  meridional  part  of  the  elementary  right-angled 
triangle  of  which  AX  is. the  base  and  A^  the  hypothenuse,  then 
for  a  due  magnetic  east  course  of  the  path 

A  w  =   -  A  A  tan  ^  {D,  +  D,)  (1) 

The  value  of  Aw  as  computed  from  equation  (1)  is  now  plotted 
with  the  preliminary  scaled  value  of  A^  and  if  the  data  are  con- 
sistent, the  end  of  the  elementary  path  as  given  by  the  preliminary 
scaled  K  and  the  computed  Am  should  fall  on  the  proper  isogonic 
whose  value  is  D,.  In  case  of  failure,  the  value  of  A  A  must  be 
corrected  (since  the  direction  or  course  is  fixed  by  1/2  (Z),  -f  D„ 
+  90°)  to  fulfill  this  condition.  The  correction  can  be  determined 
readily  in  most  cases  by  inspection  of  the  plotting.  The  ne.xt 
element  of  the  path  is  then  plotted  in  like  manner,  starting  from 
the  verified  or  computed  point,  a  similar  computation  is  made,  and 
so  on.  The  final  latitude  is  obtained  from  a  "Table  of  Meridional 
Parts,"  by  entering  with  argument  Wo  +  ^  Aw,  in  which  Wq 
is  the  meridional  part  corresponding  to  the  initial  latitude. 
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Mercator's  projection,  upon  which  the  world  isogonics  are  often 
drawn,  is  particularly  ^idapted  to  the  method,  since  the  variable 
latitude  scale  is  not  required,  the  longitudes  can  be  scaled  with  a 
scale  of  equal  parts  and  the  mercatorieil  azimuth  is  the  mean  of  the 
forward  and  the  back  azimuths,  that  is,  the  mean  \^alue  of  two 
consecutive  isogonics  plus  90°  eastwardly.  Moreover,  the  errors  in 
scaling  longitudes  are  not  cumulative;  on  the  contrary,  they 
compensate  to  a  certain  extent,  for  if  any  one  value  of  the  longitudes 
is  in  error,  the  adjacent  values  of  AA.  will  be  in  error  by  precisely 
the  same  amount,  but  each  with  a  sign  opposite  to  the  other. 

The  accuracy  of  the  m.ethod  could  be  increased  by  constructing 
charts  on  a  very  large  scale,  with  very  small  intervals  betw^een  the 
isogonics,  especially  in  regions  where  the  method  is  weak.  It  is  not 
necessary  always  to  see  that  the  end  of  every  element  of  the  com- 
puted path  falls  on  its  proper  isogonic.  Where  the  isogonics  are 
distributed  uniformly  and  close  together,  longer  intervals  may 
safely  be  taken  between  the  verifications. 

The  m.ethod  is  fairly  quick  and  satisfactory.  Its  weakness 
occurs,  as  in  any  graphic  m.ethod,  when  the  path  crosses  the 
isogonics  at  very  acute  angles.  In  these  cases,  as  well  as  in  some 
others  where  the  change  in  declination  along  the  current  path  evi- 
dently is  not  linear,  it  is  advisable  to  plot  a  curve  on  cross-section 
paper  of  large  scale.  The  abscissae  in  these  plottings  are  tentative 
longitudes  scaled  from  the  chart  after  extending  the  preliminary 
plotting  of  individual  elements  of  the  path  far  enough  for  the 
purpose  and  the  ordinates  are  plotted  proportional  to  the  tangents 
of  the  corresponding  isogonics.  A  curve  so  constructed  will  show 
what  corrections  will  improve  the  tentative  longitudes,  or  in  the 
case  of  a  maximum  or  minimum  in  the  curve,  the  mean  ordinate 
corresponding  to  any  difference  of  longtitude  is  determined  from 
the  area  inclosed,  which  can  be  measured  very  quickly  wdth  a 
planim.eter.  If  the  improved  longitudes  or  the  mean  ordinate  fail 
to  throw  the  positions  of  the  end  of  each  element  of  the  path 
upon  its  proper  isogonic,  the  curve  is  plotted  again  with  corrected 
data.  It  w^as  seldom  necessary  to  plot  the  curve  twice  in  de- 
ducing the   results  given  in  Table   1. 

Another  manner  of  dealing  w^ith  these  critical  cases  is  to  sketch 
on  the  chart  as  many  intermediate  isogonics  as  may  be  necessary  to 
permit  of  the  assumption  of  linear  change  without  material  error. 
These  interpolated  isogonics  must  conform  to  the  system  or  systems 
of  magnetization  as  depicted  by  the  original  isogonics,  otherwise 
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there  would  be  an  effect  in  the  result  sought,  not  attributable  to 
the  original  systems.  This  manner  of  dealing  with  critical  cases 
requires  a  more  experienced  and  skillful  drawing  than  does  the 
plotting  on  cross-section  paper. 

Aside  from,  any  other  consideration,  scalings,  and  plotting  are 
more  accurate  on  charts  of  large  scale.  The  results  of  Table  1 
were  obtained  from,  the  British  Admiralty  Charts  3775,  3776,  and 
3777,  but  in  some  regions,  when  the  title  interfered,  chart  2598 
was  used;  these  charts  are  for  the  epoch  1922.  The  isogonics  are 
spaced  at  one  degree  intervals  over  the  sea  and  generally  at  5 
degree  intervals  over  the  land.  The  scale  of  the  three  large  sheets, 
which  are  contiguous,  is  5  degrees  of  longitude  to  one  inch,  while 
the  small  sheet  covering  the  whole  world  has  60  degrees  of  longitude 
to  5}4  inches. 

Eleven  paths  are  given  in  Table  1,  all  starting  from,  the  meridian 
of  Greenwich.  Five  of  these,  a,  d,  f,  h,  and  k  were  obtained  by 
two  computers,  Mr.  C.  R.  Duvall  and  the  author,  working  in- 
dependently, but  using  practically  the  same  method  of  plotting 
pari  passu  with  computing.  The  greatest  difference  in  iheir  in- 
dependent determinations  of  the  lack  of  closure  is  less  than  18 
statute  miles.  The  first  column  designates  each  path  by  letter, 
the  second  and  third  show  respectively  the  latitude  and  the  declina- 
tion, D,  of  the  starting  point,  while  the  length  of  the  path,  s,  is 
given  in  the  fourth  colimin.     The  distance,  d,  between  the  starting 

T.-\BLE   1. — Summary  for  paths  at  right  angles  to  the  magnetic  meridian. 
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point,  6",  and  the  intersection,  or  ending  point,  E,  of  each  com- 
-pleted  path  with  the  meridian  of  the  starting  point,  i.  e.,  of  Green- 
wich, is  found  in  the  fifth  column  and  its  direction  from  the  starting 
point  (due  north  or  due  south)  is  given  in  the  sixth  column.  The 
shortest  distance,  p,  between  the  path  at  starting  and  the  closing 
path  is  perpendicular  to  the  path  and  is  given  by  the  expression 
d  cos  D,  which  is  tabulated  in  the  seventh  column.  The  eighth 
column  gives  the  average  angle  east  or  west  of  magnetic  north  that 
the  direction  of  the  horizontal  component  of  the  Earth's  field  must 
have  been  deflected  from  the  direction  a  magnetic  potential  system 
would  give  it,  in  order  to  produce  the  total  error  or  lack  of  closure. 
The  eleven  paths  are  drawn  on  the  accompanying  small  map 
of  the  world  (Fig.  1)  and  are  designated  by  reference  letters  ac- 

d  cos  D 
cording  to  Table  1.    The  means  of  p  and  arc  tan ^ —  for  paths 

a,  b,  c,  d,  and  e  are  taken  as  approximate  average  values  for  the 

zone  included  between  parallels  5°  north  and  50°  north,  while  the 

approximate  average  values  for  the  corresponding  southern  zone 

are  obtained  from  paths  g,  //,  i,j  and  k.     These  means  for  arc  tan 

d  cos  D 

,  as  given  in  the  last  column  of  Table  1 ,  viz.,  3'  east  for  north- 

ern  latitudes  and  9'  west  for  southern  latitudes,  are  in  fair  agreement 
with  conclusions  gixen  by  Dr.  Bauer,'  as  the  result  of  the  indicated 
existence  of  a  non-potential  system,  which,  as  a  first  approxima- 
tion, contributes  about  3  per  cent  to  the  magnetic  force  observed 
on  the  Earth's  surface. 

Department  of  Terrestri.\l  Magnetism, 
Carnegie  Institution  of  Washington. 

'Terr.  Mag.,  vol.  28,  1923,  p.  12.  §  14. 


GENERAL     DESCRIPTION  OF     THE     EARTH-CURRENT 
MEASURING  SYSTEM  AT  THE  WATHEROO 
MAGNETIC  OBSERVATORY. 

Bv  O.  H.  GisH. 

Abstract. — The  paper  consists  essentially  of  two  parts,  the  first  being  an  analysis  setting  forth 
the  general  requirements  for  the  determination  of  the  earth-current  density  vector,  and  the  second 
a  description  of  the  outstanding  features  of  the  system  installed  at  the  Watheroo  Magnetic  Ob- 
servatory (in  Western  Australia)  for  measuring  the  potential  gradient  of  earth  currents. 

General  requirements. — .-^  complete  description  of  earth  currents  requires  a  knowledge  of 
the  distribution  of,  (1)  the  earth  resistivity,  and  (2)  the  earth-current  potential.  A 
method  suitable  for  determining  the  former  is  indicated.  The  major  portion  of  the  analysis, 
however,  deals  with  the  potential  gradient.  It  is  first  indicated  that  a  "potential  survey"  should 
be  made  in  the  vicinity  of  earth-current  lines  in  order  to  locate  and  measure  any  discontinuities 
that  may  exist  in  the  potential  field.  General  methods  of  approximately  determining  the  potential 
gradient  at  a  point  are  then  given.  The  relations  for  resolving  and  combining  earth-current 
potential  measurements  are  developed  in  such  a  manner  as  to  include  the  less  favorable  case 
where  the  lines  are  not  at  right  angles  to  each  other. 

The  earth-current  lines  at  Watheroo  are  so  arranged  that  the  earthed  points  determine  a 
right  angle,  one  limb  of  which  extends  due  east  and  the  other  due  north  from  the  vertex.  The 
point  at  the  vertex  is  used  as  a  common  point  of  reference  for  the  potentials  of  the  other  points. 
Two  other  points  on  each  limb  are  situated,  at  present,  1.6  km.  and  3.2  km.  distant,  respectively, 
from  the  common  point.  The  potential  difference  between  the  common  point  and  the  nearer  point 
on  each  branch  can  be  alternately  recorded  by  means  of  overhead  and  underground  systems,  and 
thus  a  close  comparison  of  the  relative  virtue  of  these  two  types  of  line  may  be  made.  Only  over- 
head lines  connect  with  the  farther  point  on  each  line.  The  overhead  lines  possess  no  features  of 
special  interest.  The  underground  lines  consist  of  leaded  rubber-covered  copper  conductors  in 
bituminized  fiber  conduit,  placed  at  a  depth  of  46  cm.  below  the  earth's  surface.  For  other  details, 
reference  may  be  made  to  the  complete  article. 

An  approximate  quantitati\'e  description,  based  on  direct 
observations,  of  the  system,  of  electric  currents  flowing  in  the 
Earth's  crust  must,  aside  from,  its  intrinsic  value,  be  of  importance 
in  corroborating  existing  theories  of  terrestrial  electrom.agnetic 
systems  or  in  necessitating  m.odification  or  amplification  of  such 
theories.  In  particular  the  theory  of  the  solar  and  lunar  diurnal 
m.agnetic  variations  originated  by  Balfour  Stewart^  and  Schuster' 
and  later  developed  by  S.  Chapman^  indicate  rather  definite  general 
systems  of  induced  currents  in  the  Earth's  crust.  Futherm_ore, 
a  comparison  of  the  vector  diagrams  of  the  diurnal  variation  of  the 
horizontal  magnetic  intensity  with  such  diagrams  for  the  \ariation 
in  the  potential  gradient  of  the  earth  currents,  as  were  constructed 
by  Weinstein^  from  the  Berlin  data  and  by  Bauer^  from  the  ob- 

'B.\lfour-Stew.art,  Ency.  Brit.,  1882,  9th  ed.,  vol.  16,  pp.  159-184,  article  "Terrestrial 
Magnetism." 

=A.  Schuster,  Phil.  Trans.  R.  Soc,  A,  1889,  vol.  180,  pp.  467-518;  .A,  1908,  vol.  208,  pp. 
163-204. 

'S.  Ch.\pman,  Diet.  Applied  Phys.,  vol.  2.  pp.  551-561,  where  references  to  the  principal 
original  papers  on  the  subject  may  be  found. 

<B.  Weinstein,  Tafeln,  Die  Erdstrome  im  deutschen  Reichstelegraphengebiet  und  ihr  Zi:- 
sammenhang  mit  den  erdmagnetischen  Erscheinungen;  Braunschweig,  1900. 
'L.  A.  B.\tER,  Terr.  Mag.,    vol.  27,  1922,  pp.  1-30. 
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servations  at  the  Observatorio  del  Ebro,  shows  similarities  which 
suggest  a  relationship  somewhat  like  that  indicated  by  the  theory 
mentioned  above."  Such  comparisons  can  be  scarcely  more  than 
qualitative  owing  to  the  fact  that  up  to  the  present  time  the 
measurements  reported,  even  when  ignoring  spurious  effects  at  the 
electrodes  and  other  systematic  errors,  yield  only  the  potential 
gradient.  Other  cases  might  be  cited  where  earth-current  measure- 
ments may  serve  as  a  check  on  theory  or  when  used  conjointly 
with  theory  new  facts  may  be  determined,  but  to  do  so  would  be 
beyond  the  scope  of  the  present  paper.  It  is  desired  rather  to  point 
out  here  that  in  the  light  of  our  present  knowledge  of  correlated 
branches  of  cosm.ical  physics,  earth-current  phenomena  should  not 
present  such  baffling  complexities,  nor  with  the  improved  instru- 
mental equipment  now  available  should  the  difficulties  of  reliable 
measurement  prove  as  discouraging,  as  in  the  years  when  interest 
in  this  subject  was  at  a  maximum.  It  is  accordingly  very  oppor- 
tune that  interest  be  renewed  and  that  continuous  quantitative 
measurements  of  the  earth-current  vector  be  made  at  a  number  of 
places  well  distributed  over  the  Earth's  surface. 

GENERAL  REQUIREMENTS  IN  EARTH-CURRENT  MEASUREMENTS. 

In  order  to  completely  determine  /,  the  current  density  vector, 
it  is  necessary  to  know  both  k,  the  specific  conductivity,  and  G,  the 
potential  gradient.     Since 

1=   kG  (1) 

Determination  of  the  specific  conductivity  of  the  Earth.  To 
determine  k,  the  conductivity,  or  \  'k,  the  resistivity  of  the  Karth 
in  the  region  where  the  earth  currents  are  to  be  measured,  use 
may  be  made  of  a  method  which  has  been  outlined  by  Wenner.' 
This  method  with  some  modification  has  also  been  used  by  Mc- 
CoUum  in  making  electrolysis  surveys.^  It  should  be  possible,  as 
has  been  pointed  out  by  Wenner  to  obtain  by  this  method  not 
alone  the  lateral  distribution  but  also  to  a  certain  approximation 
the  distribution  of  conductivity  with  depth.  The  major  part  of 
such  a  survey  could  doubtless  be  made  once  for  all  but  minor 
surveys  would  probably  be  made  at  different  seasons  of  the  year 

•It  should  be  mentioned  here  that  Chapman  and  Whitcliead  have  made  a  careful  comparison 
between  the  earth-current  iwtcntial  Rradicnt  as  computed  from  the  theory  and  the  observed 
values  published  by  Weinstein;  they  find  qualitative  agreement  (ace  Trans.  Phil.  .Soc,  Cambridge, 
vol.  12,  No.  25.  1922.  pp.  479-482). 

'F.  Wknner,  U.  .S.  Bureau  of  .Standards  .Scientific  Paper,  No.  2.S8. 

•Bl'RTON   McColu'M,  Elect.  Ry.  Journ.,  Nov.  5.  1921,  pp.  809-813. 
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or  at  other  intervals.  Information  such  as  may  be  in  this  way 
obtained  should  also  be  of  interest  entirely  apart  from  earth- 
current  measurements. 

Determination  of  the  earth-current  potential  gradient.  If  I',  the 
earth-current  potential,  is  a  scalar  point  function  which  is  analytical 
in  the  region  of  space  where  m.easurem.ents  are  to  be  made,  then 
the  rate  of  change  of  V  along  any  line  5  is: 

dJV^d_V     dx.dV    d_i,dV    dz  (2) 

ds       dx      ds         dy     ds       dz      ds 

When  .r,  y  and  z  are  the  rectangular  coordinates  of  a  point  on  the 
line  element  (ds),  and  a,  /3  and  7  are  the  direction  angles  between 
ds  and  the  A',  Y  and  Z  axes  respectively,  then 

dx  dy  r^     dz 

—    =   cos  a;      -f-    =   COS   p:     -r   =   COS  7.  ,_, 

ds  ds  ds  (3) 

It  is  entirely  probable  that  V  is  not  in  all  cases  an  analytical 
function  of  the  space  coordinates.  For  example,  polarization, 
or  electrochemical  efTects,  may  exist  across  planes  where  two 
different  geological  formations  meet"  thus  giving  rise  to  discon- 
tinuities. Consequently  unless  the  structure  in  the  region  where 
earth  currents  are  to  be  studied  is  very  homogeneous  it  would  seem, 
advisable  to  m.ake  a  survey  of  the  earth  potentials  and  thus  de- 
termine the  magnitude  of  such  discontinuities  as  occur.  Equip- 
ment and  method  similar  to  that  dev^eloped  by  Schlumberger^ 
and  also  used  by  Kelly^*^  would  likely  be  suitable  for  this  purpose. 

In  general,  a  direction  will  be  found  in  which  the  rate  of  change 
expressed  by  (2)  at  a  given  point,  is  a  maximum.  This  maximum 
rate  is  thus  a  vector,  the  gradient  (G)  of  the  potential  at  the  point. 
The  analytical  expression  for  this  vector  is: 

G=-i---fj-—  +  k-—  (4) 

\       dx  dy  dz  /  ^   ^ 

when  X,  y  and  z  are  rectangular  coordinates.     Its  magnitude  may 

u    A  .        ■      ,    .f  dV    dV       .  dV         .  , 

be  deternimed,  it  -— '    -—and  -r—  are  known,  from  the  relation 
dx      d  V  dz 


'C.  ScHLUMBERGER,  "Etude  sur  la  Prospection  El'ectrique  de  Sous-Sol."     (1920  Gauthier- 
Villars,  Paris. 

"Sherwin  F.   Kellv,  Eng.  and  Min.  Jour.,  Oct.   7,   1922,  pp.  623-628;  Oct.   17,   1922,  pp. 
673-676. 


92  O.   H.   GISH  [Vol.  XXVIII,  No.  3] 

Its  direction  cosines  relative  to  the  X,  Y,  and  Z  axes  are  respectively: 

If  the  differences  of  potential  between  points  on  each  of  three 
mutually  perpendicular  lines  and  their  common  point,  is  found, 
and  the  distance  of  each  of  the  points  from  the  common  point 
determined,  then  an  approximate  value  of  the  gradient  at  the 
latter  may  be  computed  from  the  data  thus  obtained,  provided 
the  distances  are  so  small  that  any  lack  of  uniformity  in  the  field 
of  the  earth-current  potentials  can  be  neglected.  When  the  non-uni- 
formity is  great  the  foregoing  arrangement  may  be  modified  by 
pro\iding  additional  earthed  points  on  each  line  so  as  to  make 
possible  a  representation  of  the  \-ariation  of  potential  as  a  function 
of  the  distance  from,  the  common  point  in  each  case.  From  such 
functions,  determined  either  graphically  or  analyticalh",  the  \-alues 
of  the  potential  gradient  components  at  the  common  point  may 
then  be  apj)roximatcly  determined. 

A  rectangular  arrangement  of  lines,  somewhat  as  outlined  abo\'e, 
one  in  a  due  east-west  direction,  another  in  the  due  north-south 
and  a  third,  if  employed,  in  the  direction  of  the  \ertical  down- 
wards, is  apparent !>•  the  most  faxorable  as  regards  reduction  of 
the  data. 

In  some  cases,  howexer,  it  is  not  feasable  to  arrange  the  lines  at 
right  angles.  In  such  cases,  for  purpose  of  correlation,  for  example, 
with  the  magnetic  elements,  the  obserxed  rates  of  change  of  po- 
tential in  the  direction  of  the  respectixe  lines  at  the  common  point, 

,,     ,  dV   bV         ,  dV  ,  ,       ,  • 

call  these   -7—    r—    and  -— ,  must  be  resolxed  mto  components    m 
^s^     ds^  ds^ 

the  direction   of    the    axes  of  such   a   rectangular  sxstem  as  was 

indicated  abox-e.     Because  of  exidence  in  the  literature  of  confusion 

on  this  matter,  this  case  xvill   be  considered.      This  may  be  done 

by    employing   ecjuations    (2)    and    (3)    xvhich   gixe    the    folloxving 

expression  for  the  space  rate  of  change  of  potential  along  each  line. 
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where  a,,  and  a.,  and  a,  are  the  direction  angles  which  the  Hnes 
5„  5.  and  5s  respectively  make  with  the  Z-axis  of  the  rectangular 
system  and  the  other  angles  in  the  same  order  are  the  direction 
angles  relative  to  the  other  ^ixcs. 

From  equations  (7)  we  can  then  obtain 

dV  dV  dV 

COS  |8,,  cos  /Sj,  cos  jSs 
cos    7i.  cos   7,,  cos  73 


dx 


cos    ttj,    cos    a^,    COS     a, 

COS   jS,,  COS   13^,  COS   jS, 

COS    7i,    COS    7-2-    COS    7; 


(8) 
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with  a  sim.ilar  expression  for 


r)  T  ' 

— -.     A  simple  case  of  practical  im- 

portance  is  that  where  the  s,  and  s,  lines  lie  in  a  horizontal  plane 
and  the  s^  line  is  along  the  vertical.  The  direction  angles  will 
then  be  a„  the  azim.uth  of  the  s,  line;  a^  that  of  the  s,  line;  ^^  = 
90°-a,;    ^^  =  90°-a,;    a,  =  ,33  =7,  =7.  =  90° ;    73  =  0°.     Hence    from 

(8) 
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(9) 


and  01  course    -r— 


-—    cos    a,     —    V~    COS    a 

sin   (a.,   —  ttj) 
— .    The     magnitude 

as 


of     the     potential 


gradient  and  its  azimuth  could  also  be  expressed  directly  in  terms 
of  the  observed  quantities  and  the  azimuths  of  the  lines  but  no 
advantage  is  to  be  gained  by  doing  so  in  this  case. 
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INSTALLATION    AND    EQUIPMENT    AT    WATHEROO     MAGNETIC 

OBSERVATORY. 

Upon  recommendation  of  the  Director  of  the  Department  of 
Terrestrial  Magnetism,  the  Carnegie  Institution  of  Washington 
made  provision  in  1922  for  instalHng  at  its  observatory  at  Watheroo, 
Western  Austraha,  Hnes  and  equipment  for  the  continuous  re- 
cording of  earth  currents.  Although  vesting-orders  generously 
issued  by  the  Australian  government  made  available  for  this  work 
two  ten-mile  strips  of  land  two  rods  wide  adjacent  to  the  observa- 
tory site,  yet  the  entire  extent  of  these  has  not  been  used  in  this 
initial  system.  It  is  a  general  belief  that  lines  whose  lengths  are 
expressed  in  tens  or  hundreds  of  kilometers  will  yield  data  in  which 
the  relative  weight  of  spurious  electrode  effects,  such  as  enter  to 
some  extent  in  all  earth-current  potential  measurements,  is  small 
as  compared  with  that  of  much  shorter  lines. 

This  belief  is  based  on  the  assumption  that,  while  the  earth- 
current  potential  difference  increases  with  the  distance  between 
electrodes,  the  electrode  and  other  spurious  effects  are  neither 
larger  nor  of  more  frequent  occurrence  on  long  than  on  short  lines. 
The  latter  part  of  this  assumption  can,  however,  scarcely  be  justified 
since  meteorological  and  geological,  as  well  as  some  other  factors, 
are  likely  to  be  not  only  greater  but  also  subject  to  more  frequent 
change,  the  more  widely  separated  are  the  earthed  points.  Further- 
more, the  virtues  of  the  longer  lines  have  weighted  against  them 
the  greater  cost  of  installation  and  upkeep  and  the  increased 
difficulty  of  special  tests  and  control  observations. 

One  cannot  determine  from  the  published  data  to  what  extent 
these  various  disadvantages  counteract  the  advantages,  but  there 
is  evidence  of  such  an  effect.  That  earth-current  lines  as  short  as 
one  kilometer  in  length  may  give  usable  data,  is  perhaps  shown 
most  significantly  by  a  comparison  of  the  results  obtained  by 
Bauer'^  in  his  study  of  the  Observatorio  del  Ebro  data  obtained  on 
lines  of  lengths  1.28  and  1.42  kilometers  with  those  Weinstein^- 
obtained  from  data  furnished  by  lines  120  and  262  kilometers  long. 

It,  therefore,  seemed  sufficiently  probable  that  lines  a  few 
kilometers  in  length  would,  with  proper  control,  give  such  satis- 
factory data  as  to  justify  their  trial  at  Watheroo. 

The  following  description  will  indicate  the  general  features  of 
the  scheme  and  equipment  and  will  show  the  manner  in  which  it  is 
attempted  to  meet  the  general  requirements  outlined  in  the  first 
part  of  this  paper.    Thus  far  only  the  measurement  of  the  potential 

'iSco  fi  otr.ote  5.  "See  footnote  4. 
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gradient  is  provided  for.    The  method  and  equipment  for  resisti\ity 
surveys  will  be  developed  later. 

Design  of  earth-current  lines  at  Watheroo.  Fig.  1  shows  a  plan 
of  the  Observatory  Site  and  the  layout  of  the  earth-current  lines. 
These  lines  constitute  a  rectangular  system  with  a  common  earthed 
point  at  0,  and  two  points  {M,  N  and  P,  Q  respectively)  on  each 
line,  distributed  at  intervals  of  one  mile  (about  1.6  km).  The 
line  OMN  extends  due  east  and  OPQ  due  north  from  the  south- 
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Fig.  1. 

west  corner  of  the  Site.  The  extra  point  provided  in  each  branch 
is  intended  to  make  possible  a  better  approximation  of  the  potential 
gradient,  in  the  event  of  much  departure  from,  uniformity  in  the 
potential  field,  but  it  should  also  be  of  service  in  detecting  spurious 
variations  in  the  electrode  potentials.  This  is  one  of  a  number  of 
experimental  features  of  this  installation,  and  whether  it  shall  later 
be  discontinued  or  extended  will  be  determined  by  the  preliminary 
results  that  are  obtained. 

The  type  of  line  which  in  many  ways  would  seem  to  be  best 
suited  for  this  particular  location  is  one  in  which  leaded  rubber- 
covered  copper  conductor  is  laid  in  an  insulating  conduit.    Though 
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this  type  of  installation  has  a  number  of  obvious  advantages  over 
an  aerial  line  the  cost  of  installation  is  considerably  greater,  and 
when  in  addition  to  this  the  fact  was  noted  that  apparently  no 
close  comparison  of  overhead  and  underground  lines  have  thus 
far  been  made,  it  seemed  advisable  that  at  the  outset  in  our  earth- 
current  studies,  lines  designed  to  make  such  comparison  should  be 
installed.  These  may  later  be  of  value  not  only  for  guidance  in 
future  installation  but  should  also  aid  in  more  correctly  appraising 
the  results  previously  obtained  by  other  investigators.  It  is  for 
this  reason  that  two  parallel  lines  one  underground  and  the  other 
overhead  are  provided  in  order  to  connect  the  points  P  and  M 
respectively  with  0.  The  general  disposition  of  the  lines  may  be 
seen  from  Figs.  1  and  2  where  the  aerial  lines  are  represented  by  a 
series  of  small  circles  and  dashes,  while  the  subterranean  lines  are 
indicated  by  a  heavy  solid  line.  The  points  N  and  Q  may  be  con- 
nected with  0  only  by  overhead  lines.  Mercury  switches  operated 
by  eight-day  clocks  are  placed  at  M  and  P,  so  that  the  aerial  and 
the  subterranean  lines  which  terminate  at  these  points  will  alter- 
nately be  connected  to  the  earth-plates  here.  This  provision  is 
made  in  order  that  possible  spurious  effects  arising  on  one  line  shall 
not  affect  the  record  obtained  on  the  other. 

It  will  be  noticed  that  between  the  points  K  and  /  no  aerial 
lines  are  shown.  The  conductors  pass  into  the  conduit  at  these 
points  in  order  to  obviate  distortion  of  the  atmospheric-electric 
field  in  the  vicinity  of  the  Atmospheric-electric  and  Karth-current 
Instrument  House  at  E. 

The  subterranean  lilies  consist  of  cable  in  bituminized  fiber  con- 
duit placed  at  a  depth  of  18  inches  (46  cm.)  below  surface  and 
provided  at  intervals  of  400  feet  (120  m.)  with  junction  boxes  of 
the  same  material.  Some  aspects  of  these  lines  can  best  be  obtained 
by  a  glance  at  Pigs.  3  and  4  which  are  views  supplied  by  Dr.  Ci.  R. 
Wait,  who  as  Observer-in-Chargc  of  the  W'athcroo  Observatory, 
super\ised  this  installation.  The  level  character  of  the  terrain,  and 
the  friable  cf)n(litif)n  of  the  soil  are  favorable  to  this  type  of  in- 
stallation. The  trench  was  readily  made  with  a  simple  trenching 
device.  At  the  points  0,  P,  Q,  N  and  M  of  Fig.  1,  special  concrete 
terminal  boxes  are  provided  and  at  K,  J,  I  and  II  junction  boxes 
of  concrete,  similar  to  the  terminal  boxes  have  been  installed.  The 
cable  which  is  used  is  No.  14  Brown  and  Sharpe  1.63  mm.  diameter 
copper  wire  with  rubber  insulation  and  an  outer  sheath  of  lead. 
The  splices,  or  joints,  in  this  cable  were  carefully  insulated  and 
provided  with  lead  sheath  so  as  to  give  a  complete  outer  protection 
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of  lead  to  the  insulating  material  of  the  cable.     The  lines  all  con- 
verge to  E  where  the  recording  instrument  is  installed. 

The  overhead  lines  have  only  a  few  features  of  special  interest. 
The  conductor  is  a  double  braid  rubber-covered  No.  14,  Brown  and 
Sharpe,  copper  wire.  The  insulators  are  such  as  are  used  on  light 
5,000  volt  transmission  lines.  At  the  points  K  and  /  where  these 
overhead  lines  pass  into  the  conduit,  and  at  M,  N,  P  and  Q  where 
the  lines  go  into  the  terminal  boxes  before  being  connected  to  the 
electrode,  the  conductors  make  connection  with  the  leaded  cable  in 
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Fig.  5. 
a  small  transfer  box  placed  near  the  top  of  a  pole.  At  these  points 
lightning  arresters  and  fuses  arc  also  provided.  The  leaded  cable 
going  from  the  transfer  box  to  the  terminal  or  outlet  boxes,  as  the 
case  may  be,  is  placed  in  the  same  kind  of  conduit  as  is  used  on  the 
underground  lines. 

The  terminal  boxes  which  were  placed  at  the  points  0,  iM,  N,  P 
and  Q  are  designed  to  accommodate  switches  by  means  of  which 
the  lines  may  be  disconnected  from  the  electrodes  when  tests  for 
line  insulation  or  special  electrode  tests  are  in  progress.  The\-  will 
also  accommodate  small  instruments,  such  as  thermographs,  or 
special  apparatus,  as  for  example,  the  automatic  switches  which, 
as  has  already  l)een  nn-ntioiied,  are  placed  at  P  and  .1/.  The 
sketch  in  Fig.  5  shows  the  details  of  such  a  terminal  box.  Be- 
tween the  removable  concrete  top  and  a  wooden  inner  cover 
is  an  eight  inch  air  space  which  serves  primarily  as  an  insulator  to 
lessen  the  temperature  variation  in  the  lower  part  of  the  box. 
About  a  foot  below  the  inner  cover,  cleats  are  provided  to  which 
the  switches  may  be  attached,  or  which  may  support  a  shelf  for  the 
instruments. 
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Electrodes.  The  greatest  obstacle  in  the  way  of  quantitatix'e 
measurements  of  earth  currents  is  the  spurious  effects  which  arise 
at  the  electrodes.  Thus  two  electrodes  made  from  a  conducting 
solid  even  though  every  precaution  be  taken  to  make  them,  chemi- 
cally and  physically  identical,  will  when  placed  in  a  medium,  such  as 
water  or  soil,  usually  show  differences  of  potential  which  are  too 
great  to  be  neglected  in  earth-current  measurements. 

Laboratory  experim.ents  made  at  the  Department  of  Terrestrial 
Magnetism,  show,  furthermore,  that  these  differences  of  potential 
vary  o\-er  wide  limits  even  when  temperature  and  moisture  con- 
ditions in  the  soil  are  fairly  constant.  Part  of  this  effect  apparently 
has  its  seat  in  a  thin  film  at  the  surface  of  the  electrodes  as  may  be 
shown  if  one  of  a  pair  of  electrodes  immersed  in  water  is  subjected  to 
slight  friction  with  a  glass  rod.  Part  arises  from  changes  in  the  con- 
centration of  the  solutions  surrounding  the  electrode,  thus  for 
exam.ple,  the  addition  of  water  to  the  soil  about  one  electrode  will 
materially  change  its  potential  relative  to  one  whose  environm.ent 
has  remained  unchanged.  These  changes  in  potential  range  from 
a  few"  hundredths  to  as  much  as  a  few  tenths  of  a  volt.  Com.parisons 
between  a  large  number  of  metals  indicate  that  lead,  iron,  and 
possibly  cadm.ium  are  distinctly  superior  for  this  purpose  as  com- 
pared with  other  metals  that  have  been  tried.  The  reversible 
electrodes,  such  as  metallic  copper  dipping  into  copper-sulphate 
solution  or  zinc  in  a  solution  of  zinc-sulphate,  the  solution  m.aking 
contact  with  the  soil  through  a  porous  membrane,  are  probably  less 
subject  to  spurious  effects  and  have  greater  constancy,  when 
properly  maintained,  than  have  metallic  electrodes,  but  certain 
difficulties  arise  in  their  use  such  for  example  as  the  leaching  of  some 
solution  into  the  soil  with  the  consequence  that  specific  conductivity 
of  the  earth  in  the  vicinity  of  the  lines  changes.  This  in  a  permanent 
installation  may  in  time  materially  distort  the  potential  field  which 
is  to  be  measured.  Those  reversible  electrodes  which  have  been 
considered  are  also  rather  sensitive  to  temperature  changes.  If 
electrodes  of  m.etallic  zinc  are  used,  temperature  and  pressure  effects 
must  also  be  guarded  against  as  was  clearly  shown  by  the  in- 
vestigations of  Mauchly,^^  and  very  likely  a  similar  statement  would 
apply  to  other  metallic  electrodes.  The  electrode  therefore  presents 
a  problem  demanding  further  serious  study.  It  is  hoped  that  ex- 
periments now  in  progress,  or  in  prospect,  will  in  time  lead  to  a 
design  of  electrode  which  will  meet  the  rather  severe  demands  in 
earth-current    measurements.      A    semi-arid    region    like    that    at 

"S.  J.  Mauchly,  Terr.  Mag.,  vol.  23,  1918,  pp.  73-91. 


100 


O.  H.  GISH 


[Vol.  XXXail,  No.  3) 


Watheroo  is  extraordinarily  imfa\orable  for  proper  electrode 
installations  on  account  of  the  large  variation  in  soil  solution  that 
may  occur. 

For  the  present,  however,  only  temporary  electrodes  have  been 
decided  upon  for  use  there.  These  electrodes  consist  of  coils  made 
from  remnants  of  the  leaded  cable  that  was  used  for  the  subter- 
ranean lines.  At  one  end  of  this  cable  sufficient  insulation  was 
removed  so  that  the  lead  sheath  could  be  pressed  into  good  electrical 
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contact  with  the  copper  conductor  and  closed  by  soldering,  thus 
leaving  no  copper  surface  exposed.  After  making  a  flat  spiral  of 
about  four  inch  (10  cm.)  pitch  and  approximately  four  feet  (1.2  m..) 
in  diameter,  the  remainder  of  the  lead  sheath  was  carefully  re- 
moved, in  a  manner  so  as  to  avoid  injuring  the  insulation,  until  a 
length  of  insulated  cable  without  lead  sheath  of  sufificicnt  length 
to  lead  from  the  point  where  the  electrode  is  to  be  installed  to  the 
terminal  box,  was  obtained.  These  electrodes  were  then  installed 
at  such  a  position  relatixe  to  the  terminal  boxes  so  as  not  to  be 
disturbed  when  the  permanent  electrodes  are  installed  and  in  this 
way  admit  of  more  carefully  comparing  the  records  obtained  from 
the  temporary  electrodes,  with  such  as  are  later  obtained  from 
pcrm.anent  electrodes.  They  were  placed  approximately  as  shown 
in  Fig.  6.  The  depth  below  the  surface  should  be  sufficient  to  a\oid 
effects  arising  from  diurnal  temperature  changes,  consequcntK- 
the\-  were  placed  between  two  and  three  feet  (0.6  to  0.9  m.)  below 
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the  surface  and  drainage  conditions  in  the  immediate  vicinity  of 
all  electrodes  were  made  as  nearly  identical  as  possible.  For  this 
purpose  a  small  mound  of  earth  was  made  about  twice  the  electrode 
diameter,  over  the  electrode,  which  should  tend  to  cause  general 
drainage  from,  it  and  thus  lessen  the  chances  of  large  variations  in 
the  soil  solutions  making  direct  contact  with  the  electrodes. 

Since  the  galvanom_eter  of  the  recorder  is  designed,  for  an 
external  resistance  of  approximately  400  ohms,  an  endeavor  was 
made  to  so  install  the  electrodes  as  to  not  greatly  exceed  that 
value.    To  this  end  the  following  consideration  is  helpful. 

The  resistance  of  earth-current  measuring  circuits  consists  of  that 
of  the  lines  and  instruments,  the  so-called  "contact  resistance"  of 
the  electrodes,  and  the  resistance  along  the  conducting  path 
through  the  earth  between  the  electrodes.  The  m.ajor  part  of  the 
total  circuit  resistance  on  lines  m.ore  than  100  feet  in  length,  leaving 
out  of  consideration  that  of  the  measuring  instruments,  usually 
comes  from  what  we  choose  to  call  the  ''contact  resistance'  of  the 
electrodes.  This  term  being  understood  to  cover  resistance  which 
may  depend  not  only  upon  the  effective  contact  surface  of  the  elec- 
trode but  also  upon  the  conductivity  of  the  soil  in  the  region  more 
immediately  surrounding  the  electrode.  The  former  is  normally 
the  chief  factor  so  that  an  increase  in  the  effective  contact  surface 
of  the  electrode  will  decrease  the  "contact  resistance."  This  can  be 
done  in  several  ways  without  necessarily  increasing  the  actual 
electrode  surface.  One  is  to  firmly  pack  the  soil  about  the  electrodes, 
another  is  to  introduce  several  small  electrodes  connected  in  parallel 
in  the  region,  but  these  must  not  be  placed  too  close  together.  If 
the  spirals  which  have  here  been  used  for  temporary  electrodes  are 
expanded,  that  is  the  distance  between  turns  increased,  this  will  also 
increase  the  effective  surface. 

A  knowledge  of  the  "contact  resistance"  of  each  electrode  may 
throw  light  on  other  electrode  characteristics,  especially  such  as 
are  associated  with  spurious  effects,  and  consequently  it  seems  worth 
while  to  install  electrodes  in  such  a  m.anner  that  this  knowledge 
may  be  obtained  at  intervals.  Comparatively  simple  measure- 
m^ents  will  yield  these  data  provided  two  electrodes  are  installed 
in  the  region  of  each  terminal.  The  position  and  separation  in- 
dicated in  Fig.  6  is  adapted  to  this  purpose.  A  separate  and  well 
insulated  conductor  leads  from  each  of  the  two  electrodes  to  the 
respective  terminal  boxes  where  the  connections  with  the  line  for 
measuring  the  desired  resistance  of  the  electrodes  can  be  made 
at  any  time. 
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The  following  consideration  will  show  the  method  of  observa- 
tion and  of  computing  the  individual  "contact  resistances."  It 
may  also  be  helpful  in  that  a  method  of  procedure  is  indicated  for 
installing  electrodes  so  as  to  not  exceed  a  specified  resistance.  Thus 
suppose  that  two  electrodes  whose  unknown  resistances  are  x  and  v 
are  placed,  say,  at  0'  and  0",  respectively,  near  one  terminal,  and 
two  others  having  unknown  resistances  y  and  w  at  M'  and  M",  re- 
spectively, near  the  other  terminal.  These  sliould  be  placed  15  to  30 
feet  (4.5  to  9  m.)  apart  in  order  to  satisfy  the  relations  which  follow. 
Also  let  s  represent  the  unknown  resistance  of  the  metallic  con- 
ductors connecting  the  two  points,  combined  with  that  of  the 
major  part  of  the  conducting  path  through  the  earth  between  the 
terminals.  Then  from  resistance  measurements,  first  with  electrodes 
0'  and  M'  connected  with  the  line,  a  value,  say  R^,  will  be  found; 
while  with  M"  replacing  M',  F^  is  obtained  and  with  0'  still  con- 
nected at  one  end  and  both  M'  and  M"  in  multiple  at  the  other, 
the  value  i?j  may  be  measured.  The  observer  now  has  sufficient 
data  to  determine  the  "contact  resistance"  of  both  electrodes, 
M'  and  M".  These  measurements  could  thus  far  all  be  made  at 
one  end  of  the  line.  A  portable  type  W'heatstonc  bridge  may  be 
used  for  rough  measurements.  Errors  due  to  polarization  may  be 
reduced  by  avoiding  long  contact  on  the  battery  circuit  and  by 
using  a  reversing  switch.  If  now  the  \alues  of  .v  and  v  are  desired, 
it  will  be  necessary,  after  connecting  M'  instead  of  M"  to  the 
lines,  to  go  to  the  end  where  0'  and  0"  are  located,  and  after 
putting  0"  instead  of  0'  in  the  circuit,  measure  the  resistance, 
say  R^,  and  finally  after  determining  the  resistance  /?5,  which 
obtains  when  0'  and  0"  are  connected  in  parallel  at  their  end  of 
the  line  and  Af  at  the  other,  the  data  will  be  sufficient  to  com- 
pletely determine  the  "contact  resistance"  of  each  of  the  tour 
earthed  plates  or  electrodes,  and  also,  it  desired,  that  of  the  com- 
bined circuit  consisting  of  copper  conductor  and  earth. 

The  relations  existing  between  these  \alues  would   then  be; 

R,  ^  X  -\-z-^  y 

R,  =  X  -j-  z  -\-  w  J 

y?3  =  -v  +  c  +  -^  (  (10) 

y  +  u<  } 
R,  =  V  -\-  z  +  V  [ 

^i  =  -^^     +  =  +  V  / 

*  .Y    -I-   t' 
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From  which  we  find   that; 


V    =  R,  -  R 

y  =  R.-  R 

%v  =  R..  -  R 


+  \^(R,  -  R,)  (R,  -  R 


+  V(R,  -  R,)  (R.,  -  R 


+  V(7?,  -  i?J  (7^.,  -  R 


I  (\\b) 

)_  (lie) 

(llfl^) 


z    =  R^  -  (x  +  v)  (11^) 

The  positive  sign  of  the  radical  should  always  be  used. 

When  electrodes  are  being  installed  the  practical  procedure- 
would  be:  First  place  a  very  temporary  electrode  at  some  point  M', 
and  another  at  0',  Fig.  6,  after  w^hich  install  an  electrode  at  0"  in 
such  a  manner  as  is  believed  should  fulfill  the  specified  require- 
ments. Now  measure  the  resistance  with  the  electrode  at  0"  and 
that  at  M'  connected  to  the  line  0  M,  call  this  R,.  Then  measure 
that  of  the  circuit  when  0'  is  substituted  for  0",  call  it  R^,  and 
finally  connecting  0'  and  0"  in  multiple  to  the  circuit,  find  the 
resistance,  say  R^.  The  "contact  resistance"  of  0'  can  now  be 
computed  from  equation  (11-c)  above.  If  this  is  much  too  great 
try  devices  for  lessening  it,  one  of  which  is  to  expand  the  spiral 
simply  by  increasing  the  distance  between  turns.  It  is  not  neces- 
sary to  completely  bury  the  electrode  0"  before  making  the  first 
trial,  in  which  case,  however,  some  allowance  should  be  made  for 
the  decrease  that  would  result  to  the  resistance  from  filling  the 
trench  and  thoroughly  tam.ping  the  soil.  After  an  attempt  is  made 
to  decrease  the  resistance  of  0" ,  a  measurement  of  the  resistance 
with  it  in  series  with  the  line  and  M'  and  the  earth-return,  will 
show  what  change  has  resulted.  With  this  procedure  it  should  be 
possible  to  install  electrodes  so  that  their  resistances  are  of  a  pre- 
scribed order  of  magnitude. 

The  recording  equipment.  In  the  first  part  of  this  paper  it  was 
shown  that  the  distribution  of  potential  which  must  in  general  be 
found  in  order  to  obtain  an  adequate  description  of  the  earth- 
current  vector  in  a  given  region,  may  be  such  as  to  require  the 
approximately  continuous  recording  of  a  number  of  potential 
differences.  An  apparatus  which  offers  promise  of  being  well 
suited  to  meet  this  demand  is  the  Leeds  and  Northrup  multiple- 
point  recorder,  a  recording  potentiometer,  which  for  a  number  of 
years  has  stood  the  test  in  many  industrial  concerns  of  this  countrv. 

The  advantages  of  this  recorder  are,  firstly,  the  employment  of 
the  compensation  method  for  measuring  potential  and,  secondly, 
its  ruggedness,  compactness,  and  multiple-point  recording  feature. 
The  first  seems  of  special  importance  in  that  changes  in  the  circuit 
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resistance  will  not  affect  the  magnitude  measured  and  that  polariza- 
tion and  other  spurious  effects  at  the  electrodes  will  likely  be  much 
less  with  this  than  with  continuous  current  drawing  instrum.ents. 
The  last  m.akes  it  extraordinarily  suitable  for  obtaining  measure- 
ments of  such  a  distribution  of  potentials  as  is  here  desired.  With 
the  instrument  installed  at  Watheroo  the  potential  differences 
between  a  common  point  and  twelve  other  points  can  be  m.easured 
if  desired.  At  first  thought  the  intermittent  character  of  the 
records  seemed  an  objection,  since  in  the  study  of  shorter  period 
oscillations  a  continuous  record  would  be  more  adequate.  In  that 
case,  however,  a  more  open  time-scale  would  be  needed  than  is 
practicable  for  general  recording,  and  an  instrument  of  negligible 
period,  e.  g.,  an  Einthoven  galvanometer  would  be  required.  The 
unsuitability  of  the  latter  type  of  equipment  for  general  use  seem.s 
evident. 

The  possible  requirements  in  earth-current  measurements, 
however,  necessitated  some  important  changes  in  the  measuring 
circuit  of  the  standard  recorder.  These  after  being  designed  in 
outline,  were  submitted  to  the  Leeds  and  Northrup  Company, 
where  they  were  developed  in  detail.  In  this  development  it  was 
fortunately  found  unnecessary  to  alter  more  than  a  few  of  the 
mechanical  features.  The  measuring  circuit  is  shown  in  the  dia- 
gram (Fig.  7),  which  is  a  modification  of  a  sketch  supplied  by  the 
Leeds  and  Northrup  Company.  There  is  no  need  here  to  point 
out  any  but  the  unusual  features.  In  this  connection  it  should  first 
be  noted  that  the  potentiometer  circuit  between  A  and  L  is  split, 
one  part  containing  a  rotary  slide-wire,  of  160  ohms  resistance, 
placed  in  series  between  two  resistances  of  160  and  120  ohm.s, 
respectively,  and  the  other  branch  containing  eleven,  40  ohm 
resistance  units  connected  in  series.  Leads  are  provided  so  that 
connection  can  be  made  to  the  points  between  these  units  as  well 
as  to  the  points  A  and  L.  This  is  the  chief  novel  feature  of  the 
instrument,  and  is  designed  so  that  not  only  may  positive  and 
negative  differences  be  recorded  from  different  lines  at  the  same 
time  but  also  that  values  of  a  wider  difference  in  magnitude  may  be 
accommodated  on  a  higher  scnsiti\ity  than  would  be  possible 
without  this  device.  In  other  words,  this  arrangement  makes  it 
possible  to  have  different  base  lines  for  each  of  the  elements  that 
are  being  recorded.  It  will  be  seen  that  with  resistances  as  in- 
dicated in  the  sketch  the  point  E  on  the  lower  branch  should  have 
the  same  potential  as  E'  on  the  upper  branch,  and  the  same  should 
hold  for  /  and  /'.     Furthermore,  if  of  a  pair  of  electrodes  one  is 
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MULTPLE-PO/NT,  MULTIPLE'F<ANGE .  RECORDING  POTENTIOMETER 


Fig. 


connected  to  the  binding  post  marked  "Com."  and  the  other, 
through  the  proper  binding  posts,  to  the  post  marked  "£",  and 
consequently  to  the  points  5  and  £  respectively,  on  the  branches 
of  the  "split  circuit,"  then  potential  differences  ranging  from.  0  to 
80  m.illivolts  can  be  recorded  for  this  pair,  when  em^ploying  the 
highest  sensitivity.  If,  however,  one  of  the  earthed  points  is  in 
analogous  m.anner  connected  with  /  instead  of  £,  then  the  range 
will  be  from.  0  to  minus  80  m.illi\olts.  Also,  when  one  line  is  con- 
nected to  any  point  lying  between  £  and  /,  the  range  will  be  part 
negative  and  part  positive,  and  in  a  similar  m.anner  points  before  E 
will  give  entirely  positive  ranges  with  their  zeros  shifted  beyond  the 
record  to  the  left,  while  those  following  /  will  give  entirely  negative 
ranges  with  their  zeros  shifted  to  points  beyond  the  record  to  the 
right.    The  two  extremes,  A  and  L,  m.ake  possible  the  recording  of 
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values  ranging  from  +80  to  +160  and  from  —140  to  —60  milli- 
volts, respectively. 

The  wide  variation  in  the  magnitude  of  the  potentials  that  this 
instrument  may  be  called  upon  to  record  make  it  also  desirable  to 
have  som.e  handy  m.eans  of  changing  its  sensitivity.  This  is  done 
by  inserting  contact  plugs  in  the  blocks  shown  at  the  lower  left- 
hand  corner  of  the  diagram,  in  Fig.  7,  and  marked  "1,"  ".1,"  and 
".01."  With  the  plugs  in  the  ".01"  blocks  the  highest  sensitivity 
is  obtained  in  which  case  the  recording  sheet,  which  is  25  cm.,  wide, 
accommodates  a  change  of  potential  of  80  millivolts,  while  for  each 
of  the  other  sensitivities  the  range  is  800  and  8.000  millivolts, 
respectively. 

The  mechanical  features  of  this  apparatus  consist  briefly  of  a 
constant  speed  m.otor  (shown  at  the  upper  right-hand  corner  of 
Fig.  8)  adjoining  it  on  the  left  is  a  group  consisting  of  a  suspended- 
coil  type  galvanometer  and  the  special  "balancing  mechanism." 
which  through  a  clutch  and  disc,  shown  in  the  lower  part  of  the 
group,  turns  the  potentiometer  slide-wire  until  the  unknown 
E.  M.  F.  is  compensated.  To  the  left  of  this  group  is  a  rotar\- 
selector  switch  which  places  the  various  circuits  in  electrical  con- 
nection with  the  potentiometer  system.  As  will  be  seen  this  switch 
is  designed  to  accommodate  twelve  dilTerent  lines,  although  the 
requirement  in  the  present  installation  is  for  only  six.  Nevertheless, 
this  is  an  advantage  in  the  present  case  because  it  admits  of  re- 
cording from  the  different  electrodes  in  such  a  sequence  as  to 
eliminate  any  polarization  effects  that  may  yet  exist  in  spite  of  the 
fact  that  a  potentiometric  method  is  being  employed.  When  the 
long  finger  of  the  switch  points  upward  the  circuits  are  so  arranged 
that  the  current  flowing  in  the  potentiometer  circuit  is  automatically 
adjusted  by  balancing  against  the  standard  cell. 

At  the  extreme  left  is  a  binding  post  panel,  showing  at  the 
bottom  the  six  pairs  of  contact  blocks,  with  the  contact  plugs  in 
place  for  employing  the  intermediate  sensitivity.  At  the  left  of 
these  are  two  binding  posts  for  the  potentiometer  circuit  battery. 
The  first  of  the  three  columns  of  binding  posts  above  this,  is  for  the 
incoming  lines.  That  marked  "  +  CO]Vi"  is  connected  with  the 
earthed  electrode  at  O  of  Fig.  1.  These  binding  posts  are  further 
connected  with  the  series  of  studs  fonning  the  outer  broken  annulus 
on  the  selectc^r  switch.  Those  of  the  second  column  are  perma- 
nently connected  with  the  inner  broken  annulus  of  studs.  The  switch 
in  effect  simply  places  the  gahanom.etcr  in  series  with  two  likt- 
numbered  posts.     The  posts  in  the  third  column  are  the  counter- 
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parts  of  the  correspondingly  lettered  points  of  Fig.  7,  which  have 
already  been  discussed.  Thus,  if  it  is  desired  to  connect  the  line 
coming  to  binding  post  No.  4  so  that  values  ranging  between  equal 
positive  and  negati\'e  magnitudes  may  be  recorded,  the  No.  4 
binding  post  of  the  second  column  should  be  connected  with 
post  "G"  of  the  third  column.  The  lower  part  of  the  figure  shows 
the  record  paper  but  unfortunately  the  record  was  not  reproduced 
in  this  case.  The  record  is  formed  by  a  print  wheel  attached  to  the 
horizontal  bar  just  above  the  record  paper.  This  wheel  is  cou- 
pled with  the  potentiometer  slide-wire  by  means  of  a  cat-gut  belt 
so  that  its  motion  corresponds  with  that  of  the  slide-wire.  A  record 
point  consists  of  a  small  asterisk  and  adjacent  to  it  is  a  number 
corresponding  to  that  of  the  line  which  is  at  that  time  in  circuit. 


Fig.  8. — Recording  Potentiometer,  with  Cover  Removed. 
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Instrumental  control.  Because  of  the  continual  motion  of  the 
potentiom.eter  slide-wire  it  is  subject  to  more  wear  than  in  a  man- 
ually operated  instrument  so  that  the  calibration  of  the  recorder 
should  be  checked  from_  time  to  time.  A  portable  hand  operated 
potentiom.eter  with  suitable  range  is  provided  for  this  purpose. 
Preliminary  tests  so  far  show  no  measurable  change  in  this  respect, 
however,  occasional  cleaning  of  the  slide-wire  shows  improvement 
in  the  accuracy  with  which  a  definite  value  can  be  registered. 
Numerous  trials  show  that  this  recorder  will,  on  high  sensitivity, 
automatically  register  a  given  value  to  within  _t  0.2  m.illi-\'olt, 
which  is  closer  than  the  constancy  which  may  be  reasonably 
expected  of  the  electrodes. 

The  rate  of  the  constant  speed  motor  is  surprisingly  steady.  Pre- 
liminary tests  extending  over  several  weeks  show  no  rate  in  any 
24-hour  period,  which  dififered  from  the  average  by  more  than  ±0.03 
per  cent.  This  was  under  conditions  where  the  temperature  varied 
from  19°  to  32°  C.  It  should,  however,  be  mentioned  that  in  these 
tests  the  E.  M.  F.  actuating  the  motor  was  derived  from  a  300 
ampere-hour  capacity  storage  battery.  With  such  constancy  of 
rate  it  will  be  possible,  from  the  time  control  observations  made 
twice  daily,  to  compute  the  time  of  any  recorded  point  with  a 
maximum  error  of  ±;  7  seconds. 

It  has  been  the  aim  here  to  set  forth  only  the  more  important 
features  of  the  lines  and  equipment  for  measuring  earth-current 
potentials  at  Watheroo.  It  is  planned  to  give  more  details  and 
preliminary  results  in  a  later  paper. 

This  earth-current  recording  system  is  the  first  realization  of  a 
long  standing  desire  on  the  part  of  Dr.  Louis  A.  Bauer,  Director 
of  the  Department  of  Terrestrial  Magnetism,  to  include  earth- 
current  registration  as  part  (jf  the  program  at  the  Department's 
observatories.  To  Dr.  S.  J.  Mauchh',  for  his  \-aluable  suggestions 
and  stimulating  criticism  during  the  course  of  many  informal  con- 
ferences and  to  the  Assistant  Director.  John  A.  Fleming,  especially 
for  his  generosity  in  shouldering  man\-  of  the  responsibilities  incident 
to  the  "long  distance  engineering,"  peculiar  to  this  undertaking  and 
to  Dr.  G.  R.  Wait  upon  whom  fell  the  brunt  of  installing  the  lines 
and  equipment — to  these  colleagues  grateful  acknowledgment  is 
here  made.  Credit  for  the  sketches  in  this  paper  is  due  to  Mes.-^rs. 
C.  r.  Ennis  and  C.  Huff. 
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A.    WOLFER. 


LERWICK  OBSERVATORY,  SHETLAND  ISLANDS. 

Officer  in  Charge:  J.  Crichton,  M.A.,  B.Sc. 

Position:   Latitude,   60°8'45"N;   Longitude,    1°10'50"\V;      Height 
above  M.  S.  L.,  79.3  metres. 

The  object  of  the  Observatory  is  the  study  of  terrestrial  mag- 
netism, and  auroral  phenomena.  The  magnetic  elements  (declina- 
tion, horizontal  force,  vertical  force)  are  recorded  photographically 
in  a  brick-walled  concrete  building.  Absolute  observations  are 
made  twice  weekly. 

A  watch  is  kept  on  all  \isible  aurorae,  and  the  changes  in  form 
are  noted  from  minute  to  minute.  Preparations  are  being  made  for 
eye  readings  of  declination  and  horizontal  force  during  the  oc- 
currence of  aurorae,  and  also  for  the  measurement  of  minute 
changes  in  vertical  force. 

The  Observatory  began  the  regular  routine  work  as  above  on 
1st  January,  1923.  A.  Crichton  Mitchell. 
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NOTES 


14.  Munich  Geophysical  Observatory. — According  to  information  received 
from  Prof.  Dr.  C.  W.  Lutz,  the  three  observatories  connected  with  the  Munich 
Astronomical  Observatory  devoted,  respectively,  to  terrestrial  magnetism 
(Erdmagnetisches  Observatorium),  seismology'  (Erdbebenwarte),  and  atmospheric 
electricity  (Luftelektrische  Beobachtungsstelle),  will  henceforth  be  known  under 
the  combined  official  designation,  "Erdphysikalische  Warte  b.  d.  Sternwarte 
Miinchen." 

15.  Potsdam  Meteorological  and  Magnetic  Observatory. — For  the  purpose  of 
combining  the  work  of  the  Aeronautical  Observatory  in  Lindenberg  and  the 
Meteorological  Institute  in  Berlin  with  its  dependent  Observatory  in  Potsdam, 
a  Board  of  Directors  has  been  formed,  to  which  belong  the  director  (Prof.  Dr.  H. 
Hergesell)  of  the  Aeronautical  Observatory  and  the  director  (Prof.  Dr.  H.  v. 
Picker)  of  the  Meteorological  Institute.  The  functions  of  the  Board  of  Directors, 
of  which  the  chairman  is  Prof.  Hergesell,  consist  in  consulting  on  affairs  common 
to  the  institutes,  or  of  general  scientific  import,  and  of  reporting  thereon  as 
necessary,  to  the  Ministry.  In  the  administration  of  the  two  institutes,  the 
change  consists  in  the  fact  that  the  scientific  direction  of  the  Meteorological 
Observatory  in  Potsdam  is  entrusted  to  the  director  of  the  Aeronautical  Observa- 
tory, with  the  exception  of  the  Magnetic  Observatory  in  Potsdam  which  remains 
in  the  charge  of  Prof.  Dr.  .Adolf  Schmidt. 

16.  Greenwich  Magnetic  Observatory.— On  account  of  disturbing  influences 
from  electric  railroads  and  tramways,  it  has  been  decided  to  move  this  magnetic 
observatory,  at  which  observations  were  begun  in  1840,  to  Holmbury  St.  Mary 
in  Surrey.  The  South  Eastern  and  Chatham  Railway  Company  has  decided  to 
electrify  its  local  services,  which  run  in  the  near  vicinity  of  the  present  site  of  the 
Observatory,  and  the  Company  has  agreed  to  defray  the  costs  of  the  removal  of 
the  magnetic  observatory  and  the  extra  cost  of  maintenance  thereby  involved. 
(From  Nature,  Sept.  1,  1923,  p.  345.) 

17.  Personalia. — We  note  with  regret  the  death  of  Father  E.  Colin,  S.  J., 
at  the  age  of  71  years,  a  zealous  missionary  and  founder  and  director  of  the 
Observatory  of  Tananarive,  Madagascar.  Prof.  K.  Schering  retired  in  October, 
1922,  from  the  directorship  of  the  Physikalisches  Institut  der  Technischen 
Hohschule,  Darmstadt;  he  has  been  succeeded  by  Prof.  H.  Ran. 

The  following  appointments  are  noted:  Dr.  Jean  Bosler  as  director  of  the 
Observatory  of  Marseilles  to  succeed  M.  Bourgel,  deceased;  Dr.  D.  la  Cour, 
as  director  of  Det  Danske  Meteorologiske  Institut  to  succeed  Captain  C.  H. 
Ryder,  deceased;  Dr.  T.  Royds,  as  director  of  the  Kodaikanal  and  Madras  Ob- 
servatories in  succession  to  Mr.  /.  Evershed,  who  retired  on  February  25,  1923. 
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THE  NORMAL  DISTRIBUTION  OF  TERRESTRIAL 
MAGNETISM  OVER  SIBERIA  IN  1910. 

By  Boris  Weinberg. 

1.  This  article  is  based  on  my  three  unpubHshed  investigations 
on  the  distribution  of  the  incHnation,-^  of  the  decHnation,-*'and  of  the 
horizontal  intensity"''  over  Siberia,  and  is  published  in  somewhat 
different  form  in  Russian.^"  The  publication  of  the  Russian  ab- 
stract, instead  of  the  three  quoted  articles  in  exlenso,  was  neces- 
sitated on  the  one  hand  by  my  proposal  of  a  magnetic  survey  of 
Siberia,^^  and  by  the  desirability  of  having  data  on  the  distribution 
of  terrestrial  magnetism  over  Siberia  in  connection  with  the  actual 
conclusion  of  the  general  magnetic  survey  of  the  globe  by  the 
Department  of  Terrestrial  Magnetism  of  the  Carnegie  Institution 
of  Washington  on  the  other  hand.  If  Asiatic  Russia,  which  covers 
over  a  ninth  part  of  the  land  area  of  the  globe,  occupies  the  last 
place  in  the  list  of  the  large  continental  countries  as  concerns  mag- 
netic surveys,  this  defect  can  partly  be  compensated  for  by  sum- 
maries of  all  determinations  of  the  magnetic  elements  thus  far 
made  and  by  theoretical  investigations  based  on  the  results  ob- 
tained. The  paucity  of  distribution  of  magnetic  stations  over  even 
such  easily  accessible  parts  of  Siberia  as  the  provinces  of  Akmolinsk 
and  Semipalatonsk  was  shown  by  me  in  a  special  paper  with  its 
accompanying  chart. ^  For  the  whole  area  of  Siberia  the  portion 
which  is  entirely  unexplored  magnetically  is  equal  to  86  per  cent,^^ 
but  even  the  distribution  of  the  magnetic  stations  for  the  remain- 
ing 14  per  cent  is  very  irregular. 

2.  As  the  material  for  finding  the  distribution  of  the  decHna- 
tion,  D,  of  the  inclination,  /,  and  of  the  horizontal  intensity,  H, 
I  have  used  all  published  (or  prepared-for-print)  determinations 
made  from  1820  to  1918  and  reduced  to  1910--  by  m.eans  of  the 
values  of  the  secular  variation  found  by  me  (Refs.  18  and  19). 
Besides  the  819  determinations  of  D  made  by  means  of  special 
magnetometers,  and  202  published  determinations  made  by  means 
of  needle  declinometers,  I  have  used  also  3,279  unpublished  de- 
terminations of  declination  made  by  difl'erent  state  deparlm.ents,^^ 
which  have  been  extracted  by  me  from  the  archives  of  these  de- 
partm.ents.  The  results  of  these  determinations  were  represented 
mostly  by  statements  of  the  "deflection  of  the  magnetic  needle 
from  the  true  meridian,"  given  on  different  plans  and  maps. 
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The  possibilit}'  of  using  such  determinations,  which  in  general 
have  but  a  very  moderate  degree  of  precision  and  are  sometimes 
not  entirely  trustworthy,  was  proved  by  a  preliminary  study  of 
such  determinations  for  the  government  of  Yenisei  (Ref.  14,  also 
15,  p.  32.)  For  this  part  of  Siberia,  the  mean  "deflection"  of  such 
departmental  determinations  from  a  set  of  rectilinear  and  equi- 
distant isogonics  obtained  by  the  method  of  least  squares  was  ±36', 
and  for  the  special  magnetometer-determinations  (Refs.  1,  2,  9, 
13,  and  17),  the  "deflection"  was  ±26'.  Hence,  if  we  assume  the 
error  due  to  the  diurnal-variation  correction  to  be  equal  to  ±5', 
and  the  error  of  the  magnetometer-determination  equal  to  ±2', 
the  probable  magnitude  of  local  disturbances  is  ^25' ,  and  the  error 
of  one  departmental  determination,  ±23'.  In  favor  of  using  these 
departmental  observations,  I  can  add  that  the  average  of  the 
weighted  mean  values  of  the  deflections  of  the  separate  values  of 
declination  (reduced  to  1910)  at  a  certain  point  from  the  mean 
value  of  the  declination  for  1910  at  this  point  is  ±14'  for  the  mag- 
netometer-determinations and,  ±26'  for  the  departmental  ones 
(Ref.  25,  paragraph  2). 

3.  The  departmental  determinations  of  magnetic  declination 
being  numerous  and  of  moderate  precision,  they  were  combined 
into  groups.  A  map  of  Siberia  was  divided  for  this  purpose  into 
rectangular  sections  having  sides  in  the  ratio  of  4  to  1.  The  long 
sides  were  taken  parallel  to  the  meridians  or  latitude  circles  or  at 
an  angle  of  45°  with  them,  according  to  the  direction  of  the  isogonics 
in  the  region  as  given  on  a  preliminary  chart. ^  The  values  of 
declination,  taken  from  this  preliminary  chart,  for  all  the  points 
lying  inside  the  section,  were  reduced  to  the  central  point  of  the 
section  by  means  of  the  values  of  AD / A(l>  and  AD / A^  (the 
ratios  of  change  in  declination  to  changes  of  latitude  and  longi- 
tude, </),  A).  The  uncertainty  of  such  reduction  is  much  less  than 
the  possible  error  of  the  observations,  and  the  resulting  simplifi- 
cation of  further  reductions  is  considerable;  instead  of  3,279  \alues 
of  declination,  there  were  obtained  thus  only  566  for  equidistant 
points. 

The  published  determinations  with  the  needle  declinometers 
(Ref.  22,  Table  V)  being  of  nearly  the  same  degree  of  precision, 
were  treated  in  the  same  manner. 

4.  P'or  tracing  the  isogonic,  isoclinic,  and  7/-isod>'namic  lines, 
the  positions  of  "isopoints,"  or  the  points  with  equal  \alucs  of 
magnetic  element,  were  found:  of  declination  at  two  degrees  in- 
tervals, inclination  at  one  degree  intervals,  and  horizontal  intensity 
at  intervals  of  0.01  C.G.S.  For  this  purpose,  the  area  which  has 
been  the  subject  of  investigation  (from  <^  =  45°  to  0  =  65°  and  from 
X  =  60°K  to  A.=  135°F)  was  divided  in  portions  for  which  the  "iso- 
lines,"  or  lines  of  equal  magnetic  values,  could  be  assumed  as 
straight  and  equidistant  with  an  error  not  exceeding  the  probable 
order  of  the  local  disturbances  according  to  preliminary  charts 
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(for  declination,  see  Ref.  5).  For  each  of  tiicse  portions,  the  ob- 
served values  of  the  element  reduced  to  1910,  £,„,  were  adjusted 
by  the  method  of  least  squares  to  the  formula 

E,,  =  a  +  b{\  -  K)  +  c(<i>  -  4>o),  (1) 

where  A.^  and  (/)o  are  the  longitude  and  the  latitude  of  a  certain 
central  point,  A.  and  <^,  the  variable  longitude  and  latitude,  and 
a,  b  and  c,  the  coefficients  to  be  determined. 

Since  almost  all  the  magnetic  determinations  in  Siberia  are  the 
results  of  expeditions  along  routes,  of  which  considerable  portions 
can  be  considered  rectilinear  without  sensible  error,  it  was  sufficient 
in  most  cases  to  use  tw^o  terms  instead  of  three  in  fomiula  (1). 
When  formula  (1)  was  unsuited  to  any  region,  because  cf  irregu- 
larities of  distribution  of  data,  I  simply  calculated  the  weighted 
means  of  the  geographic  coordinates  and  the  weighted  rrean  of  the 
magnetic  element.  Points  of  equal  values  ("isopoints")  to  trace 
the  magnetic  curves  near  these  weighted  mean  positions  were  then 
obtained  by  linear  interpolation  between  these  weighted  means 
and  other  points,  previously  plotted,  which  were  situated  favorably 
for  the  interpolation.  This  method  of  finding  "isopoints"  for  trac- 
ing the  magnetic  curves,  as  compared  with  the  usual  method,  is 
treated  by  me  elsewhere  (Ref.  28,  paragraphs  11-13). 

5.  In  all  these  computations,  weights  were  taken  into  account 
which  were  assigned  to  the  \-alues  of  the  magnetic  elements  ac- 
cording to  the  degree  of  precision  of  the  determinations  and  to  the 
reliability  of  the  reduction  to  1910.  For  magnetometer-determina- 
tions of  declination,  inclination,  and  horizontal  intensity,  these 
weights  (Ref.  22,  columns  8,  11  and  14  of  Table  IV)  were  10  as  a 
general  rule  for  observations  of  1900  to  1918,  6  for  the  decade  of 
the  seventies  of  last  century  and  3  for  the  decade  of  the  thirties. 
These  weights  were  decreased  for  determinations  near  the 
boundaries  of  the  region,  also  for  determinations  of  inferior  pre- 
cision and  for  places  where  magnetic  disturbance  was  suspected. 
A  weight,  zero,  was  assigned  to  determinations  at  stations  un- 
doubtedly anomalous. 

The  weight  of  one  departmental  determination,  as  a  general 
rule,  owing  to  the  difficulty  of  their  critical  examination,  was  taken 
equal  to  2,  because  the  mean  value  of  the  difference,  A,  of  a  mag- 
netometer-determination of  declination  with  a  weight  1  from  the 
weighted  mean  value  D  for  the  same  point,  calculated  by  means  of 
the  formula  

-■  =  -  V^ 

is  equal  to  ±36'  and  the  analogous  mean  difference  of  the  values 
P,o  for  the  departmental  detemiinations.  is,  as  has  been  already 
mentioned,  equal  to  ±26',  and  the  ratio  of  ±36-  to  ±26-  is  very 
nearly  2  to  1 ;  A  is  the  weighted  mean  difference  of  the  separate 
values  Z^io  from  their  mean  value  D,  2^,  the  sum  of  their  weights. 
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and  w,  their  number.  But  in  assigning  the  weights  to  the  mean 
values  of  Z),,,  derived  from  departmental  determinations,  for 
different  stations  or  for  the  equidistant  points  quoted  in  paragraph 
3,  I  often  diminished  this  weight  in  comparison  with  the  sum  of  the 
weights  of  the  single  values  according  to  the  probability  of  the 
supposition  that  the  statement  of  the  "deflection  of  the  magnetic 
needle"  on  the  chart  was  merely  a  repetition  of  a  similar  inscription 
on  a  previous  chart  of  the  same  place,  or  on  a  chart  of  an  adjacent 
locality,  according  to  the  degree  of  concordance  of  the  values  of 
i^io.  etc. 

The  same  method  of  assuming  the  weights  was  applied  to  the 
determinations  made  with  the  needle  declinometers. 

In  the  cases  when  formula  (1)  was  used  with  only  two  terms, 
I  readily  obtained  the  position  of  the  "isopoints"  by  equating  the 
left  side  to  the  proper  value  of  the  clement.  To  the  set  of  \alues 
(A,  (/))  thus  found  was  assigned  a  weight  equal  to  the  sum  of  the 
weights  of  the  element  at  the  surrounding  stations,  with  a  certain 
rounding  off  for  simplification  of  further  computations,  and  with 
a  certain  diminution  if  the  differences  from  formula  (1)  were  con- 
siderable. 

If  formula  (1)  contains  all  three  terms,  it  determines  only  the 
lines  of  equal  values.  On  these  "isolines"  there  were  chosen  one  or 
two  (sometimes  even  three)  "isopoints"  corresponding  to,  as  it 
were,  the  "centers  of  gravity"  of  the  determinations  at  the  sur- 
rounding points.  As  the  weight  of  the  corresponding  set  of  the 
values  of  4)  and  A,  there  was  taken  also  the  sum  of  the  weights  at  the 
surrounding  points,  again  with  certain  rounding  oft'  and  reductions. 

The  positions  of  all  the  "isopoints"  obtained  in  the  manner 
described  were  represented  on  manuscript  charts,  I  to  III,  by  circles, 
and  the  departmental  determinations  of  declination  were  indicated 
by  squares;  the  areas  of  the  circles  and  squares  were  taken  pro- 
portional to  the  weight  of  the  "isopoint." 

6.  Every  value  of  £,„  at  a  certain  point  used  for  finding  the 
"isopoints"  differs  from  the  real  mean  value  of  E  for  1910  at  the 
same  point,  this  difference  being  caused  by: 

(a)  errors  of  obscrxation  and  of  the  constants  of  the  instruments ; 

{b)  possible  presence  of  accidental  and  periodic  changes  of  the 
element  during  the  observations; 

(c)  errors  in  reduction  to  the  mean  annual  value  for  the  year 
when  the  observations  were  made; 

id)  errors  in  reduction  to  1910; 

{e)  The  probable  presence  of  a  purely  local  disturbance;  and 

(/)  the  presence  of  disturbances,  the  influence  of  each  of  which 
is  spread  over  a  more  or  less  considerable  region — the  "regional" 
disturbances  according  to  the  tcmiinology  proposed  by  me  (Ref. 
28,  paragraph  10). 

Therefore,  even  the  question  of  finding  the  "real"  distribution 
of  magnetic  elements  over  Siberia  in  1910  is  excluded,  and  we  can 
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deal  only  with  the  problem  of  finding  the  "smoothed"  distribution 
in  which  the  influence  of  the  local  disturbances  should  be  practically 
eliminated,  or  of  the  "normal"  distribution,  in  which  the  regional 
disturbances  should  be  considerably  diminished  and  there  should 
remain  only  such  disturbances  the  influence  of  which  is  felt  over 
nearly  the  whole  investigated  part  of  the  Earth's  surface. 

If  the  value  of  the  element  at  a  certain  point  for  1910  results 
from  several  determinations  made  at  difl'erent  epochs,  the  errors 
(a),  {h),  (c),  and  {d)  will  be  decreased  more  or  le£s._  Similarly,  if 
the  position  of  an  "isopoint"  results  frcm  determinations  at  several 
points,  the  errors  {e)  and  partly  (/)  will  bp  eliminated  to  some 
extent.  Following  this  idea  we  can  attempt  to  decrease  still  more 
the  influence  of  local  and  regional  disturbances  by  drawing  the 
magnetic  curves  as  near  to  the  plotted  points  as  smoothness 
permits  rather  than  actually  through  them.  In  order  to  acccmplish 
this  mathematically,  I  made  use  of  the  fact  that  the  plotted  "iso- 
points",  for  the  most  part,  fall  in  rather  narrow,  parabola-like 
strips. 

Accordingly,  for  each  magnetic  curve  I  have  computed  by  the 
method  of  least  squares  the  coefificients  ^o.  ^'  and  c' ,  ci  a  formula 

in  which  A^  is  the  longitude  of  an  assumed  central  point.  For  the 
eastern  part  of  the  region  studied  on  the  isogonic  chart  a  similar 
equation  was  used  containing,  however,  the  first  and  second  powers 
of  ((^  —  </)o)  instead  of  the  powers  of  fA  —  A^). 

Formula  (3),  as  well  as  the  positions  of  the  "isopoints"  which 
served  to  compute  the  curves,  are  given  in  extetiso  in  the  quoted 
articles  (Refs.  21,  26  and  27).  The  parabolic  curves  given  by  these 
formulas  were  represented  as  full  lines  on  the  manuscript  charts 
I  to  III. 

7.  Since  the  parabolas  given  by  formula  (3)  can  not  be  ex- 
pected to  represent  perfectly  the  actual  magnetic  field  sought,  I 
returned  to  smoothing  the  differences  between  the  computed  and 
original  values  in  order  to  obtain  magnetic  curves  passing  still 
nearer  to  original  values  and  therefore  somewhat  more  free  from 
regional  disturbances  for  regions  of  rather  small  extent. 

For  simplification  in  applying  the  methods  of  smoothing,  each 
of  these  difi'erences  was  assumed  to  belong  to  the  nearest  of  the 
equidistant  meridians  (parallels  for  the  eastern  parts  of  the  iso- 
gonic chart).  In  the  cases  when  to  an  intersection  of  a  certain 
parabola  with  a  meridian  (vice  versa  with  a  parallel),  several 
"isopoints"  corresponded  with  their  difi'erences,  there  were  taken 
the  weighted  mean  values  of  these  difTerences. 

For  this  smoothing,  I  have  used  the  expression 

A'p  =  0.02  Ap-i  +  0.23  Ap-i  (a-^ 

+  O.SOA^  +  0.23 Ap+i  +  0.02A/>+2,  ^  ^ 

where  A'p  is  the  smoothed  difference  at  the  point  p,  Ap   the  ob- 
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served  difiference  at  the  same  point,  A^— i  and  A/>  +  i  the  observed 
differences  at  the  equidistant  adjacent  points,   both  sides  of  the 
point  p,  Ap-2  and  Ap+2,  at  the  two  next  ones. 
Formula  (4)  corresponds  to  two  assumptions: 

(a)  the  probabiHty  that  the  inHuence  of  the  local  and  the 
regional  disturbances  is  equal  to  Ap  varies  according  to  Gaus.s's 
law  with  the  distance  from  the  point  p; 

(b)  the  sum  of  the  probabilities,  that  the  difference  Ap  ex- 
presses the  influence  of  the  local  and  the  regional  disturbances 
along  the  segment  of  the  "isoline"  from  the  point  bisecting  the 
distance  between  the  point  p  and  the  point  (p—i)  to  the  point 
bisecting  the  distance  between  the  point  p  and  the  point  (p-{-  1), 
is  equal  to  the  sum  of  the  probabilities,  that  these  disturbances 
are  equal  to  A^  for  both  parts  of  the  "isoline"  outside  of  the  two 
quoted  points. 

This  method  is  treated  in  detail  in  other  articles  (Refs.  20, 
paragraphs  13-15,  and  28,  paragraph  6),  where  it  is  compared 
theoretically  and  practically  with  other  methods  proposed  for  the 
smoothing. 

8.  If  the  general  distribution  of  the  "isopoints"  indicates 
considerable  regularity  of  the  position  of  the  points  corresponding 
to  a  given  value  of  the  element,  we  may  expect  to  meet  similar 
regularity  in  the  variations  ot  the  distances  between  the  consecutive 
curves.  Indeed,  an  inspection  of  the  manuscript  charts  giving  the 
parabolic  "isolines,"  or  of  the  tables  giving  the  coordinates  cf  the 
smoothed  "isolines,"  shows  clearly  that  these  distances  are  either 
practically  constant,  or  vary  rather  regularly.  Therefore,  the  third 
step  towards  finding  the  "normal"  distribution  of  the  element  was 
to  express  the  smoothed  values  of  the  latitude,  or  of  the  longitude, 
just  mentioned  by  a  formula 

</>  =  c^„  +  b"  (E  -  E,)  -f  c"  (E  -  E,)\  (5) 

where  <^o.  b"  and  c"  are  the  coefficients  to  be  detennined  by  least- 
squares,  and  Eq  is  a  certain  average  \alue  of  the  element  at  the 
latitude  </)o  (or  by  a  similar  formula  for  A.  and  A.^). 

'I  he  fourth  and  last  step  in  the  direction  of  finding  the  nom^al 
distribution  consisted  in  computing  the  differences  A  between  the 
values  of  the  latitude  (or  longitude)  of  the  intersections  of  the 
smoothed  "isolines"  with  the  equidistant  meridians  (or  parallels) 
from  which  the  calculation  of  the  coefficients  4>o,  b"  and  c"  of  the 
fomiulas  of  type  (5)  and  the  values  of  0  (or  A)  given  by  these 
fomiulas,  had  departed,  and  in  the  smoothing  of  these  dificrcnccs 
by  means  of  the  expression  (4).  The  articles  quoted  several  limes 
(Refs.  21,  26  and  27)  give  for  each  element: 

(a)  the  latitudes  (or  longitudes)  of  the  intersections  rf  the 
parabolic  "isolines"  (3)  with  the  meridians  (or  parallels); 

ib)  the  latitudes  (or  longitudes)  obtained  liy  means  of  the 
smoothing  of  the  differences  of  the  latitudes  (or  longitudes)  of  the 
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"isopoints"  from  the  latitudes  (or  longitudes)  given  by  the  formulas 
of  type  (3) ; 

(c)  the  latitudes  (or  longitudes)  of  the  intersections  of  the 
curves  with  the  meridians  (parallels)  given  by  the  formulas  of  type 
(5) ;  and 

(d)  the  latitudes  (or  longitudes)  obtained  by  means  of  the 
smoothing  of  the  differences  between  the  values  (b)  and  (c). 

The  latter  values  were  taken  as  final  and  as  representing  the 
normal  distribution,  and  through  the  points  corresponding  to  these 
values  of  4)  and  A.  were  traced  on  manuscript  charts  I  to  III,  by 
hand,  the  smoothly  running  isolines  finally  adopted. 

9.  In  order  to  find  the  values  of  the  three  rectangular  com- 
ponents {X,  positive  towards  geographic  North ;  Y,  positive  towards 
geographic  \Vest;  and  Z,  positive  towards  Nadir),  I  computed  from 
the  values  (d)  of  0  and  A  just  mentioned,  the  values  of  D,  I  and  H 
corresponding  to  the  intersections  of  equidistant  meridians  with 
equidistant  parallels.  These  values  of  D,  I  and  H,  as  well  as  the 
resulting  values  of  X,  Y  and  Z  are  given  in  Table  1 ;  all  longitudes 
are  East  of  Greenwich. 

Owang  to  the  practical  importance  of  the  declination,  I  have 
computed,  by  means  of  an  approximate  assumption  (Rcf.  22,  p. 
4)  as  to  the  change  of  D,  based  on  the  data  of  Elkaterinburg  and 
Irkutsk  observatories  for  1910  to  1918,  the  probable  values  of  D 
for  1920  and  have  published  the  resulting  table."^ 

Manuscript  charts  IV  to  VI,  showing  the  curves  for  X,  Y  and  Z, 
were  constructed  from  the  values  of  these  quantities  given  in 
Table  1. 

10.  A  thorough  examination  of  the  results  of  the  determina- 
tions of  magnetic  elements  made  by  other  authors  as  well  as  of  the 
11  expeditions  made  for  this  purpose  by  me  and  by  mv  coAvorkers 
(Refs.  4,  6,  7,  9  to  13,  16,  17,  24,  31  to  33)  covering  about  60,000 
kilometers  and  giving  determinations  at  391  points,  has  shown  a 
great  smoothness  in  the  distribution  of  terrestrial  magnetism  over 
the  greater  part  of  the  explored  area  of  Siberia,  a  circumstance  which 
has  permitted  and  stimulated  the  present  investigation.  As  dis- 
turbed or  anomalous  regions  can  be  considered: 

(a)  the  mountains  of  Altai; 

(b)  the  Lake  of  Baikal  and  its  surroundings; 
(e)  the  basin  of  the  River  Aldan ; 

(d)  the  lower  part  of  the  Yenisei,  where  it  finally  cuts  through 
the  mountains  before  reaching  the  ocean;  and 

(e)  the  coal  and  iron  basin  of  Kuznetck. 

But  of  these  regions  only  Baikal  can  be  considered  as  more  or 
less  explored  by  the  work  of  Driyenko  and  Voznesenskij,^  at  least 
as  concerns  the  declination.  Partly  investigated  is  Altai  (Refs. 
4,  7,  10  and  11)  and  the  "cheeks"  of  Yenisei  (Refs.  6  and  9),  and 
almost  unexplored  are  the  Aldan  and  the  basin  of  Kuznetck. 

Technological  Institute, 
Tomsk,  Siberi.\. 
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Table  1. —  Values  of  the  magnetic  elements  and  magnetic  components  over  Siberia  in  1910. 
(West  declination  is  taken  as  positive;  the  quantities  in  parentheses  are  extrapolated  values.) 


Long. 

D 

/ 

H 

X 

Y 

Z        I        D         \       I 

H 

X 

Y 

Z 

(E.  of 
Gr.) 

Parallel  6o  North 

Parallel  63  North 

60 
65 
70 

-17  55 

(-19  10) 

(-20  35) 

(-20  4.5) 

(-20  00) 

(-18  50) 

-17  04 

-14  03 

-11  28 

-8  30 

-2  47 

(  +  2  05) 

+  5  48 

(  +  9  55) 

75  02 

75  48 

76  31 
(77  18) 

77  42 

78  15 
78  54 

c.g.s. 
.1410 
.1343 

c.g.s. 

.1342 

(.1268) 

c.g.s. 

-.0434 

(-.0441) 

c  g.s. 
.5274 
.5308 

-16  21 

-17  47 

(-18  SO) 

(-19  IS) 

-18  46 

-17  20 

-15  12 

-12  49 

-10  12 

-6  25 

-1  33 

+  2  32 

+  6  05 

(  +  9  00) 

73  58 

74  44 

75  23 

76  04 

76  SO 

77  19 

77  49 

78  02 
78  17 
78  22 
78  19 

(78  15) 
77  52 
77  14 
76  28 
75  46 

c.g.s. 
.1516 
.1468 
.1413 
(.1365) 

e.g.?. 

.1455 

.1398 

(.1337) 

(.1289) 

c.g.s. 

-.0427 

-.0448 

(-.0456) 

(-.0450) 

c.gs. 
.5275 
.5378 
5418 

75 

(  5502) 

80 

85 

90 

95 

100 

105 

JIO 

lis 

120 

125 

(.1360) 
.1411 
.1465 

(.1343) 

(+.0213) 

(  6002) 

130 

(78  20) 
77  11 

.5862 

135 

.5776 

Long. 

Parallel  6"l  North 

Parallel  59  North 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

130 

135 

-15  04 

-16  27 

-17  17 

-17  36 

-16  46 

-15  32 

-13  39 

-11  17 

-8  59 

(-4  30) 

+  0  28 

+  4  01 

+  6  21 

+  8  20 

(  +  10  00) 

72  59 

73  35 

74  13 

74  51 

75  28 

76  10 

76  41 

77  00 
77  11 
77  12 
77  09 
76  52 
76  23 
75  42 
75  05 
74  34 

C.R.S. 

.1606 

.1570 

.1528 

.1488 

.1450 

.1410 

(.1385) 

(.1375) 

(.1350) 

(.1325) 

(.1350) 

(.1385) 

.1437 

.1482 

.1539 

.1610 

c.g.s. 

.1551 

.1506 

.1459 

.1418 

.1387 

.1358 

(.1346) 

(.1348) 

(.1333) 

(.1321) 

(.1350) 

(.1382) 

.1428 

.1466 

(.1516) 

c.g.s. 

-.0417 

-.0445 

-.0454 

-.0450 

-.0418 

-.0378 

(-.0327) 

(,-.0269) 

(-.0211) 

(-.0104) 

(+.0011) 

(+.0097) 

+  .01.^9 

+  .0215 

(+.0267) 

c.g.s. 

.5248 

.5329 

.5406 

.5496 

.5590 

.5726 

(.5851) 

(.5954) 

(.5934) 

(.5832) 

(.5918) 

(.5936) 

.5932 

.5814 

.5777 

.5837 

-13  49 

-15  05 

-15  42 

-IS  45 

-15  08 

-14  04 

-12  21 

-10  01 

-7  47 

-3  IS 

+  1  03 

+  4  13 

+  6  16 

+  8  OS 

(+9  50) 

71  53 

72  29 

73  04 

73  38 

74  09 

74  44 

75  16 
75  35 
75  50 
75  57 
75  SO 
75  29 
74  54 
74  09 
73  15 
72  27 

c.g.s. 
.1681 
.1666 
.1634 
.1606 
.1579 
.1543 
.1520 
.1493 
.1473 
.1489 
.1508 
.1534 
.1570 
.1617 
.1695 
.1756 

( 

c.g.s. 
1632 
1609 
1573 
1546 
1524 
1497 
1485 
1470 
1459 
14H7 
1508 
1530 
1561 
1601 
1670) 

c.g.s. 
-.0399 
-.0434 
-.0442 
-.0436 
-.0412 
-.0376 
-.0325 
-.0259 
-.0199 
-.0084 
+  .0028 
+  .0113 
+  .0171 
+  .0227 
(+.0289) 

c.g.s. 
.5138 
.52  75 
.5373 
.5471 
.5562 
.5653 
.5780 
.5808 
.5836 
.5950 
.5974 
.5924 
.5819 
.5695 
.5632 
.5552 

Long. 

Parallel  5°7  North 

Parallel  5*5  North 

0 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

130 

135 

-12  34 

-13  40 

-14  08 

-14  06 

-13  43 

-12  46 

-11  03 

-8  52 

-6  20 

-2  11 

+  1  38 

+  4  24 

+6  19 

+  8  11 

(+9  50) 

70  38 

71  11 

71  47 

72  19 

72  49 

73  17 

73  45 

74  08 
74  22 
74  25 
74  18 
73  56 
73  02 
72  17 
71  41 
71  22 

C.R.S. 

1765 
1763 
1748 
1729 
1705 
1682 
1662 
1635 
1621 
1634 
1652 
1679 
1720 
1784 
1824 
1857 

( 

C.R.S. 

1723 
1713 
1695 
1677 
1656 
1640 
1631 
1615 
1611 
1633 
1651 
1674 
1710 
1766 
1797) 

C.R.S. 

-.0384 
-.0417 
-.0427 
-.0421 
-.0404 
-.0372 
-.0319 
-.0252 
-.0179 
-.0062 
+  .0047 
+  .0129 
+  .0189 
+  .0254 
(+.0312) 

e.g.?. 

.5021 

.5174 

.5311 

.5423 

.5514 

.5600 

.5702 

.5752 

.5793 

.5859 

.5877 

.5830 

.5638  ' 

.5584 

.5510 

.5.507 

-11  21 

-12  21 

-12  48 

-12  47 

-12  28 

-11  31 

-9  47 

-7  49 

-5  22 

-1  42 

+  1  34 

+  4  11 

+  6  19 

+  8  10 

(+9  SO) 

69  22 

69  48 

70  17 

70  SO 

71  21 

71  51 

72  11 
72  31 
72  45 
72  52 
72  .SO 
72  24 
71  51 
71  12 
70  44 
70  10 

C.R.S. 

1870 
1873 
1868 
1855 
1834 
1817 
1802 
1788 
1778 
1769 
1769 
1829 
1870 
1880 
1905 
19.39 

( 

c.g.s. 
1833 
1830 
1822 
1809 
1791 
1780 
1776 
1771 
1770 
1768 
1768 
1824 
1859 
1861 
1871) 

C.R.S. 

-.0368 
-.0401 
-.0414 
-.0410 
-.0.396 
- .0363 
-.0306 
-.0243 
-.0166 
-.0052 
+  .0048 
+  .0133 
+ .0206 
+  .0267 
(+.0325) 

C.R.S. 

.4966 
.5091 
.5212 
.5337 
.5434 
.5543 
.5607 
.5677 
.5726 
.5738 
.5726 
.5766 
.5704 
.5522 
.5450 
.5376 
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Table  1. — Values  of  the  magnetic  elements  and  magnetic  components  over  Siberia  in  1910. — Concluded. 

(West  declination  is  taken  as  positive;  the  quantities  in  parentheses  are  extrapolated  values.) 


D 

/ 

H 

X 

Y 

Z 

D 

1 

// 

X 

Y 

Z 

Long. 

(E.  of 

Gr.) 

Parallel  53  North 

Parallel  51  North 

° 

"     ' 

"   ' 

cs-s. 

c.g.s. 

eg  s. 

c.g.s.  t 

^ 

" 

' 

c.g.s. 

c.g.s. 

c.g.s. 

c.g.s. 

60 

-10  19 

68  01 

.1994 

.1962 

-  .0357 

.4939  i 

-9 

32 

66 

16 

.2106 

.2077 

-.0349 

.4790 

65 

-11  10 

68  24 

.1991 

.1953 

-.0386 

.5029  , 

-10 

08 

66 

42 

.2105 

.2072 

-.0370 

.4888 

70 

-11  36 

68  54 

.1983 

.1942 

-.0399 

.5139 

-10 

33 

67 

11 

.2099 

.2064 

-.0384 

.4989 

75 

-11  39 

69  20 

.1975 

.1934 

-.0399 

.5236 

-10 

39 

67 

47 

.2093 

.2057 

-.0387 

.5124 

80 

-11  20 

69  49 

.1971 

.  1932 

-.0387 

.5362 

-10 

14 

68 

10 

.  2089 

.2056 

-.0371 

.5214 

85 

-10  19 

70  13 

.1952 

.1920 

-.0350 

.5427 

-9 

07 

68 

33 

.2087 

.2061 

-.0331 

.5312 

90 

-8  34 

70  35 

.1945 

.1923 

-.0290 

.5518 

-7 

23 

68 

52 

.2088 

.2071 

-.0268 

.5402 

95 

-6  48 

70  53 

.1940 

.1927 

-.0230 

.5600 

-5 

51 

69 

06 

.2091 

.2080 

-.0213 

.5476 

100 

(-4  25) 

71  08 

.1928 

(.1922) 

(-.0148) 

.5642 

(-3 

40) 

69 

20 

.  2085 

(.2081) 

(-.0133) 

.5528 

105 

-1  18 

71  12 

.1926 

.1926 

-.0044 

.5658 

-0 

56 

69 

20 

.2093 

.2093 

-.0034 

.5549 

110 

+  1  34 

71  08 

.1933 

.1932 

+  .0053 

.5656 

+  1 

43 

69 

11 

.2096 

.2095 

+  .0063 

.5513 

115 

+  4  02 

70  41 

.1968 

.1963 

+  .0138 

.5615 

+  3 

57 

68 

53 

.2100 

.2095 

+  .0145 

.5438 

120 

+  6  05 

70  09 

.1997 

.1986 

+  .0212 

.5532 

+  5 

51 

68 

27 

.2131 

.2120 

+  .0217 

.5396 

125 

+  7  41 

69  40 

.2017 

.1999 

+  .0270 

.5443 

+  7 

23 

67 

50 

.2183 

.2165 

+  .0281 

.5358 

130 

(  +  9  20) 

69  01 

.2026 

(.1999) 

(+.0329) 

.5282 

(+8 

50) 

66 

56 

.2227 

(.2201) 

(+.0342) 

.5229 

135 

67  56 

.2047 

.5050 

66 

11 

.2304 

.5220 
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THE  ANOMALIES  OF  TERRESTRIAL  MAGNETISM  AND 
GRAVITY  IN  THE  KURSK  GOVERNMENT,  RUSSIA.^ 

P.  Lasareff. 

In  a  preceding  article,^  we  have  given  the  results  of  the  opera- 
tions carried  out  during  1919-1920  in  connection  with  the  work 
undertaken  by  the  Commission  des  Forces  Prodnctives  de  la  Rnssie 
cooperating  with  the  Academy  of  Sciences,  for  investigating  the 
anorp.ahes  of  terrestrial  magnetism  and  gravity  in  the  Government 
of  Kursk.  The  purpose  of  our  note,  presented  at  the  Academ.y  of 
Sciences,  on  May  2,  1923,  was  to  summarize  briefly  the  results 
obtained  in  1921,  1922,  and  1923. 

As  already  indicated  in  the  preceding  note,  a  zone  (the  northern 
zone)  of  strong  anomaly,  consisting  of  a  narrow  strip  of  2  to  3 
kilom.eters,  extends  from  the  northwest  towards  the  southeast  and 
passes  through  the  districts  of  Kursk,  Stschigry  and  Tim  fcr  a 
distance  cf  about  250  kilometers.  It  has  a  considerable  m.aximum 
over  an  extent  of  4  kilom.eters,  the  value  of  Z  (vertical  intensity) 
ranging  from  1.6  to  1.9  gauss. 

'Translated  by  Mr.  H.  D.  Harradon  from  Comptes  Rendus  de  V. Academic  des  Sciences  de 
Rus.^ie,  1923,  wth  ;OTie  addit'on?  by  t(ie  au.'  or. 

»P.  Lasareff,  Annexe  aux  proc^s-verbaux  de  I'Academie  des  Sciences  de  Russie,  1921, 
Bull,  de  I'  Acad..  1921,  p.  81. 
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A  point  on  this  strip,  the  geographic  coordinates  of  which  are 
<^  =  51°  50'  N,  A.  =  36°  52'  E.  of  Gr.  has  been  chosen  by  the  Special 
Com.rp.ission^  for  deep  drilling  operations  (the  depth  proposed  for 
the  drilling  being  250  meters). 

The  magnetic  surveys  of  1921,  1922  and  1923  have  shown  that 
the  above-m.entioned  northern  zone  extends  through  the  districts  ol 
Tim  and  Oskol  towards  the  frontier  of  the  Voronez  Governm^ent 
and  exhibits  another  m.axim.um  (Z  =  1.9)  near  Oskol.  This  last 
m.axim.um.  is  form.ed  by  three  zones  of  anom.aly  of  very  considerable 
intensity,  proceeding  from,  the  fundam.ental  zone  of  anom.aly. 

The  study  of  gravity  in  the  region  of  m.axim.um,  anom.aly  has 
dem.onstrated  that,  in  addition  to  a  variation  of  Z,  there  exists  a 
variation  of  gravity  presenting  a  m.axim.um.  which  may  coincide 
with  the  m.axim.um  of  m.agnetic  anom.aly  (district  of  Oskol,  ac- 
cording to  observations  ot  M.  P.  Aksenov  and  M.  A.  Michajlov) 
or  m.ay  be  200  m.eters  distant  from,  that  of  the  m.agnetic  anom.aly 
(district  ot  St?chigry,  according  to  observations  of  M,  A.  Michajlov 
and  Prof.  M.  P.  Nikiforov). 

The  anom.aly  of  gravity,  exhibiting  a  very  rapid  variation 
towards  the  west,  slowly  dim.inishes  towards  the  east.  A  detailed 
analysis  of  the  field  of  m.agnetic  and  gravity  anom.aly  shows,  as 
already  stated,  that  the  causes  of  the  anomaly  of  m,agnetism  and 
those  of  gravity  m.ay  be  different. 

Drilling  at  a  point,  mentioned  above,  shows  that  the  m.asses 
near  the  surface  with  sm,all  density  (2  to  2.5)  give  place  at  a  depth 
of  about  150  m.eters,  to  a  layer  of  quartzite  pierced  by  vertical  and 
curved  layers  of  m.agnetite.  This  m.ine  layer  having  a  density  ot 
3.8,  contains  approximately  40  to  45  per  cent  of  iron.  The  cores 
obtained  by  the  drilling  show  a  m,agnetic  polarity  with  a  south  pole 
towards  the  surface  of  the  Earth. 

The  thickness  of  quartzite  and  magnetite  layer.^  pierced  by  the 
drilling  extends  now  to  about  170  m.eters.  Further  operations 
should  determ.ine  the  total  thickness  of  the  iron  ere. 

It  is  very  interesting  to  note  here  that  the  information  regarding 
the  depth  of  the  m.ine  layers  published  in  1921,  is  in  perfect  agree- 
ment with  the  recent  observations  obtained  by  the  borings. 

•This  Commission  includes  a  large  number  -^f  Russian  scientists  and  is  directed  by  the  follow- 
ing: Prof.  J.  Gou  )kin,  president;  Prof.  P.  Lasareff,  member  of  the  Academy  (f  Sciences,  vice- 
president  and  chief  of  magn  tometric,  Rravimetric  and  geodetic  operations;  Prof.  A.  .•  rchangelsky. 
chief  of  geological  work,  and  M.  A.  Himmelfarb,  engineer-in-cliarge  of  drilling  operations  and 
secretary  of  the  Commission. 


ON  THE  OBSERVATIONS  OF  EARTH  POTENTIAL- 
GRADIENTS  AT   EBRO. 

By  S.  Chafman  and  T.  T.  Whitehead. 

1.  In  a  recent  paper^  the  writers  have  re-investigated  the 
matherp.atical  relations  between  the  observed  terrestrial  n^.agnetic 
variations  and  the  external  and  internal  (induced)  magnetic  fields 
which  give  rise  to  them.  In  the  course  of  this  paper  we  com.pared 
the  diurnal  variation  of  electric  potential-gradient  within  the 
earth,  given  for  Berlin,  in  arbitrary  units,  by  Weinstein,  with  that 
derived  from  the  potential  of  the  field  of  the  diurnal  m.agnetic 
variations,  as  previously  determ.ined  by  one  of  us.^  A  m.oderate 
sim.ilarity  in  type  was  found ;  the  question  of  agreem.ent  in  absolute 
magnitude  could  not  be  tested,  however,  Weinstein's  unit  being 
unknown. 

2.  The  recent  appearance  of  Dr.  Bauer's  discussion  of  the 
measurements  of  earth  potential-gradients  at  Ebro'  affords  the 
opportunity  for  further  examination  ot  the  question.  It  may  be 
said  at  once  that  the  results  prove  extrem_ely  puzzling.  The 
observed  potential-gradients  are,  as  in  Weinstein's  case,  nearly  ot 
the  type  to  be  expected  from,  the  magnetic  variations,  but  are  five 
or  six  tim.es  .as  large  in  am.plitude.  As  Dr.  Bauer's  tables  refer  to 
the  m.eans  for  groups  of  five  m.agnetically  quiet  days,  it  seem.ed  just 
possible  that  allowance  for  the  factor  5  m.ight  have  been  over- 
looked, but  on  enquiry  Dr.  Bauer  kindly  confirmed  our  expectation 
that  this  was  not  the  cause  of  the  discrepancy. 

3.  The  potential  of  the  diurnal  m.agnetic  variations  which 
was  taken  as  the  basis  of  com_parison  was  the  one  already  referred 
to  in  §1;  it  was  derived  from  observations  for  the  sam.e  two  years 
(1902  and  1905)  at  observatories  situated  in  both  hemispheres. 
Ebro  was  not  one  of  these  observatories,  and  it  is  therefore  of 
interest  to  compare  the  observed  magnetic  variation  at  Ebro  with 
that  resulting  from  this  potential.  The  results  for  the  vertical 
magnetic  force,  with  which  we  are  more  im_mediately  concerned,  are 
given  in  Fig.  1,  and  indicate  that  the  potential  form.ula  applies 
reasonably  well  to  Ebro,  and  that  the  m.ethod  of  our  joint  paper  is 
available  for  the  calculation  of  the  earth  potential-gradients. 

"Chapman,  S.,  and  T.  T.  Whitehead:  The  influence  of  electrically  conducting  material 
within  the  earth  on  various  phenomena  of  terrestrial  magnetism.  Cambridge,  Trans.  Phil.  Soc, 
vol.  xxii,  June,  1922,  pp.  463-482. 

•Chafman,  S.:  The  solar  and  lunar  diurnal  variations  of  terrestrial  magnetism.  Phil.  Trans. 
Roy.  Soc,  London,  Series  A.,  1919,  vol.  218,  pp.  1-118. 

•Bauer,  L.  A.:  Some  results  of  recent  earth-current  observations  and  relations  with  solar 
activity,  terrestrial  magnetism,  and  atmospheric  electricity.     Terr.  Mag.,  v.  27,  1922,  pp.  1-30. 
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4.  The  diurnal  variation  of  the  N  potential-gradient  in  the 
earth  is  given  in  formula  9.9  of  our  joint  paper  in  a  form  which  is 
equiv-alent  to  the  following: 

N  (in  millivolts  per  km.)  =    7    ,  ^  ,  '  ,  ,     ,  ^,  Zp  (in  7) 

Zw  (/?+l)  (p  +  2) 

{P) 
where  Zy,  denotes  the  harm.onic  com,ponent  of  frequency  p  in  the 
vertical  force  diurnal  variation  (Z).  The  curve  of  N  has  been 
derived  with  the  aid  of  this  formula  using  the  \-alues  of  Zp  given  in 
Table  9  of  Dr.  Bauer's  paper  on  the  Ebro  observations.  The  re- 
sulting curve  for  TV  is  given  in  Fig.  2,  together  with  the  observed 
curve  as  obtained  by  Dr.  Bauer;  but  in  order  to  make  the  two 
curves  comparable,  the  form.er  has  been  magnified  in  vertical  scale 
five-fold.  With  this  change,  the  two  curves  are  in  moderately 
good  agreem,ent,  but  the  five-fold  larger  amplitude  of  the  observed 
curve  dem.ands  explanation. 

5.  The  diurnal  variation  of  the  W  potential-gradient  can  be 
calculated  from  formula  9.10  of  our  joint  paper,  which  may  be 
expressed  in  the  form: 

TT/r        •„•     u  .       ^       V      0.463  i/)2  (/>+l)  cos- 0-1 

W  (m  millivolts  per  km.)  =  >    7 — ,  ,,  ,     ,  ^,  .  -^— . — — 

^  .^  (p  +  1)  (p  +  2)         sin^.cos^ 

iP) 
Zp  (in  7)  d  being  the  co-latitude.  If  6  for  Ebro  was  45°,  instead 
of  40. °8,  the  factor  {p-\-\)  cos-  d—\  would  vanish  for  the  24-hour 
component,  and  have  the  values  1/2,  3/2,  and  5/2  for  the  com- 
ponents of  respectively  12,  8,  and  6  hour-periods.  Thus  in  this  and 
neighboring  latitudes  components  of  higher  frequency  are  much 
magnified,  relatively  to  their  magnitudes  in  Z,  in  the  TT'-component 
of  the  earth  potential-gradient.  This  occurs  also,  but  to  a  much 
smaller  extent,  in  the  A^-com.ponent  of  the  earth  potential  gradient. 
The  fact  that  the  calculated  variation  of  W  does  not  agree  so  well 
with  the  observed  curv^e  (Fig.  3)  as  was  the  case  with  A^  may  be 
referred  to  this  cause:  the  higher  harmonics  in  the  magnetic  potential 
are  perhaps  hardly  sufficiently  well  determined  to  bear  the  weight 
given  them  in  this  formula.  As  in  Fig.  2,  the  scale  of  the  calculated 
curves  in  Fig.  3  is  five  times  that  of  the  obser\-ed  curve. 

6.  The  above  results  show  that  there  would  be  rough  agree- 
ment between  the  predicted  and  observed  values  of  the  earth 
potential-gradient  at  P2bro  if  the  scale  difference  of  the  observed 
and  calculated  curves  could  be  accounted  for.  Having  no  practical 
experience  in  the  measurement  of  earth  potential-gradients,  we  do 
not  venture  to  postulate  any  error  in  the  scale  value  of  the  observa- 
tions, but  would  draw  attention  to  some  other  features  of  the 
Ebro  results,  as  summarized  by  Dr.  Bauer,  which  are  difiicult  to 
account  for.  The  diurnal  variations  of  potential-gradient  at  Ebro 
and  at  Berlin  show  considerable  agreement  as  to  type,  and  if  their 
amplitudes  are  comparable,  it  would  seem  that  the  arbitrary  unit 
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used  by  Weinstein  represents  about  1/40  m.illivolt  per  km.  (Fig.  9 
and  Table  9  of  Dr.  Bauer's  paper).  But  quite  a  different  value  of 
the  unit  is  suggested  by  a  comparison  of  the  average  values  of  the 
potential-gradients,  viz.,  Weinstein's  unit  seems  to  be  about  1  or  2 
millivolts  (c/.  the  ranges  at  the  foot  of  Dr.  Bauer's  Table  6).  Dr. 
Bauer  remarks,  however  (p.  7),  that  "Weinstein  him.self  does  not 
appear  to  attach  much  value  to  his  tabulated  quantities  for  the 
constant  currents."  Nevertheless,  the  average  potential-gradients 
at  Ebro  are  surprisingly  large  as  well  as  surprisingly  variable  from 
month  to  month,  being  of  the  order  1/3  volt  per  kilometre  in  the 
first  half  of  the  calendar  year,  and  only  about  one-hundredth  as 
great  in  som.e  of  the  later  months.  It  seems  extraordinary  that  on 
magnetically  quiet  days  there  should  exist  earth  potential-gradients 
as  great  as  1/3  volt  per  kilom.etre,  which  has  hitherto  been  con- 
sidered a  highly  exceptional  value  observed  only  during  times  of 
great  m.agnetic  disturbances.** 

Chree.  C:    Earth  Currents.    Encyc.  Brit.,  11th  ed.  vol.  8,  1910,  pp.  813-816. 


RELATIONS    BETWEEN    THE    DIURNAL   AND    ANNUAL 

VARIATIONS  OF  EARTH  CURRENTS,  TERRESTRIAL 

MAGNETISM  AND  ATMOSPHERIC  ELECTRICITY. 

By  L.ouis  a.  Bauer. 

Abstract. — An  investigation  is  made  as  to  correlations  in  the  diurnal  and 
annual  variations  of  earth-currents,  with  those  of  terrestrial  magnestism  and 
atmospheric  potential-gradient,  as  based  on  the  observations  at  the  Ebro  Ob- 
servatory, Tortosa,  Spain,  for  the  magnetically-quiet  days  during  the  five-year 
period,   1914-1918. 

It  is  found  that  the  diurnal  and  annual  variations  of  the  horizontal  com- 
ponents {X  towards  north,  and  Y  towards  east)  of  terrestrial  magnetism  are  of 
such  a  character,  quantitatively  and  qualitatively,  as  to  indicate  that  only  to 
a  certain  extent  may  they  bs  the  direct  electromagnetic  effects  of  the  observed 
corresponding  earth  currents  {W  towards  west,  and  A'^  towards  north).  On  the 
other  hand  there  is  a  high  probability  that  the  observed  earth-currents  may  be 
the  combined  result  of  a  varying  magnetic  f:eld  and  a  varying  electric  f.eld  as 
indicated  by  the  rate  of  variation  in  terrestrial  magnetism  and  atmospheric 
electricity,  during  the  day  and  year.  The  correlation  between  the  variations 
of  earth-currents  and  the  rate  of  variation,  or  time-gradients,  of  the  atmos- 
pheric potential-gradient  is  found  to  be  even  higher  than  that  for  the  time- 
gradients  of  terrestrial  magnetism,  both  as  regards  the  diurnal  variation  and  the 
annual  variation. 

1.  The  interesting  attempt  by  S.  Chapman  and  T.  T.  White- 
head^ to  reproduce  theoretically  the  diurnal  variation  of  earth 
currents,  as  observed  at  Berlin  (1 884-1887)  and  at  the  Ebro  Ob- 
servatory (1914-1918)  prompts  me  to  give  a  summary  of  some 
recent  investigations  which  I  have  made  bearing  on  the  subject  ot 
earth-current  variations  and  their  possible  causes.  With  respect 
to  the  last  sentence  of  their  second  paragraph,  let  me  say  briefly 
that  I  ha\-e  deduced  the  diurnal  \-ariation  of  the  Ebro  earth- 
current  potential-gradients  from  the  year  1922  alone  and  have 
lound  that  the  results  are  essentially  the  same  as  those  obtained 
by  me  from  the  magnetically-calm  days  for  the  five-year  period, 
1914-1918.2  Why  the  induced  currents  from  the  magnetic  varia- 
tions as  derived  by  Chapman  and  Whitehead  for  Ebro  are  only 
about  one-f;fth  of  those  found  from,  observations,  and  the  cause  of 
the  lack  in  phase  agreement  exhibited  especially  in  the  west- 
east  component  (see  their  Fig.  3)  remain  therefore  to  be  explained. 
It  is  stated  by  them  that  the  Ebro  results  "prove  extremely  puz- 
zling." They  have  endeavored  to  derive  the  diurnal  variation  of 
the  earth  potential-gradients  from  the  potential  ot  the  magnetic 
diurnal  variation  and  the  relations  supposed  to  exist  "between  the 
observed  terrestrial  magnetic  variations  and  the  external  and 
internal  (induced)  magnetic  fields  which  give  rise  to  them."     It  is 

'Terr.  Mag  ,  vol.  28  (1923),  pp.  1 25-128. 
'Terr.  Mag.,  vol.  27  fl922),  pp.  12-25. 
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assumed  by  them  that  the  diurnal  variation  of  earth  currents 
results  solely  from  the  currents  induced  by  a  varying  magnetic 
potential;  effects  trom  a  possible  varying  non-potential  system,  or 
trom  other  causes,  are  at  present  not  taken  into  account.  It  is  not 
the  purpose  here  to  examine  into  the  validity  of  the  underlying 
assumptions,  but  rather  to  make  a  preliminary  attempt  to  consider 
other  possible  causes  which  may  assist  in  harmonizing  theoretical 
results  with  the  observational  data. 

2.  The  observed  variations  in  earth  currents  during  the  day, 
year  and  sun-spot  cycle,  may  be  the  combined  result  of  a  varying 
magnetic  field  and  a  varying  electric  field.  Let  us  confine  our 
attention  at  present  to  the  results  obtained  from  my  discussion 
of  the  Ebro  observations  pertaining  to  terrestrial  niagnetism,  earth 
currents,  and  atmospheric  electricity,  for  the  magnetically-calm 
days,  1914-1918.  Tables  1  and  2  give,  respectively,  the  results 
of  the  analyses  of  the  diurnal  and  annual  variations  for  the  first 
twc.  or  chief,  terms  of  the  Fourier  series,  as  taken  from  my  previous 
publication .3  The  notation  used  is  as  follows:  Magnetic  component, 
X,  along  a  meridan,  is  taken  positive  towards  true  North,  and, 
accordingly,  a  flow  of  positive  electricity  in  the  Earth's  crust  along 
a  parallel  of  latitude,  from  east  to  west,  is  taken  as  a  positive 
current  W;  magnetic  component,  F,  along  a  parallel  of  latitude,  is 
taken  positive  towards  true  East,  and,  accordingly,  a  flow  of 
positive  electricity,  from  south  to  north,  is  taken  as  a  positive 
current,  N.  A  similar  statement  applies  to  the  diurnal  and  annual 
variations.  The  data  for  the  magnetic  quantities  are  expressed  in 
terms  of  7  =  0.00001  C.G.S.,  those  for  the  earth-current  gradients 
in  millivolts  per  kilometer,  designated  by  v/k  =  0.001  V/k,  volts 
per  kilometer,  and  these  for  the  atmospheric-electric  gradients,  P, 
by  V/m,  or  vclts  per  meter.  P  is  plus  throughout  the  period 
considered. 

The  quantities  designated  in  Tables  1  and  2  by  AX' ,  A  V , 
AP',  8A",  BY',  8P',  are  the  first  differential  coefficients  with 
respect  to  6,  cr  the  first  time-derivatives. 

Chief  aid  was  received  in  the  computational  work  from 
Messrs.  W.  J.  Peters,  C.  R.  Duvall,  C.  C.  Ennis,  and  Miss  Emma 
L.  Tibbctts". 

DIURNAL   VARIATION    OF   EARTH   CURRENTS. 

3.  Examining  first  the  ratio,  Cj/c,  of  the  amplitudes  of  the  12- 
hour  and  24-hour  terms,  as  given  in  Table  1,  it  will  be  seen  that  the 
value  for  the  magnetic  derivative,  AY',  as  also  that  for  the  at- 
mospheric-electric dcri\ati\c,  AP',  agree  closely  with  the  value 
for  the  earth-current  gradients,  A  A''  and  AW;  the  average  \alue 
of  this  ratio  is  1.7,  hence,  the  amplitude  of  the  12-hour  wave  is 
nearly  twice  that  of  the  24-hour  wa\e. 

»r«T.  Mag.,  vol.  27  (1922),  Table  9,  p.  21,  and  Table  7,  p.  11. 
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Table  I. — Results  of  Fourier  analysis  of  ditirnnl  variation  (A,)  of  magnetic  com- 
ponents  {X,  Y),  earth-current  gradients  {N,  W),  and  of  atmospheric  potential- 
gradient  (P)  at  the  Ebro  Observatory  for  the  magnetically-calm  days,  1914-1918, 

A  =  Ci  sin  (6  +  0,)  +  Co  sin  (2^  +  02)  + ;  ^  is  counted  from  O*",  midnight. 

G.M.T.,  at  the  rate  of  15°  per  hour. 


Quant. 

AX 

A  Y 

AP 

A  Y' 

A  N 

AP' 

l\X' 

A  W 

7 

y 

V/m 

y  e 

v/k 

V/m 

y/e 

v/k 

Ci 

4.1 

12.8 

19.4 

12.8 

5.3 

19.4 

4.1 

2.1 

Co 

1.6 

11.4 

15.8 

22.8 

9.0 

31.5 

3.2 

3.6 

C2/CI 

0.4 

0.9 

0.8 

1.8 

1.7 

1.6 

0.8 

1.7 

0 

0 

0 

0 

0 

0 

0 

0 

*1 

99 

35 

210 

125 

141 

300 

189 

151 

4>2 

236 

220 

196 

310 

296 

286 

326 

297 

Table  2. — Results  of  Fourier  analysis  of  annual  variations  (5)  of  magnetic  com- 
ponents, earth-current  gradients  and  of  atmospheric  potential-gradient  at  the 
Ebro  Observatory  for  the  magnetically-calm  days,  1914-1918. 

5  =  Ci  sin  (^  +  0i)  -\-  C2  sin  {20  -\-  0.,)  + ;  ^  is  counted  from  midnight  of 

December  31  at  the  rate  of  30°  per  average  month. 


Quant. 

hx 

5  Y 

5P 

5  Y' 

5N 

SP' 

5X' 

SW 

y 

y 

V/m 

y/e 

v/k 

V/m 

y;e 

v/k 

Ci 

13.4 

3.7 

18.4 

3.7 

169 

18.4 

13.4 

73 

02 

0.4 

3.2 

4.8 

6.4 

59 

9.6 

0.8 

27 

Ci/Cx 

0.0 

0.9 

0.3 

1.7 

0.3 

0.5 

0.1 

0.4 

0 

0 

-    0 

0 

0 

0 

0 

01 

279 

152 

71 

242 

146 

161 

9 

148 

02 

48 

245 

237 

335 

269 

327 

138 

277 

The  phase  angles,  0i,  of  the  24-hour  wave,  are  in  fair  agreement 
for  AF'  and  AN,  also  for  AP',  if  we  take  the  supplement  120°, 
instead  of  300°,  which  implies  reversing  the  signs  of  AP  for  the 
24-hour  term.  The  values  of  </)i  for  AX'  and  AW  are  somewhat 
alike;  however,  the  amplitude-ratio,  Cj/c,,  for  AX  is  only  half 
that  tor  AW. 

Turning  next  to  the  phase  angles,  02.  of  the  12-hour  or  principal 
wave,  a  general  agreement  is  found  tor  the  quantities  AY',  AN, 
AP',  AX',  and  AW;  the  value  of  0,  for  A  A"'  departs  most  trom 
the  corresponding  earth-current  gradient,  AW. 

4.  Table  3  contains  the  computed  hourly  values  of  the  various 
quantities,  as  derived  from  the  first  two  terms  of  the  Fourier  series 
given  in  Table  1.  The  hourly  differences,  A,  are  the  algebraic 
differences  obtained  by  subtracting  from  the  hourly  value  of  the 
particular  element  considered  the  mean  value  of  the  element  for 
the  day.  Instead  of  the  hourly  values  of  the  derivati\cs,  AX', 
AF',   and    AP',   the  differentials   DX,   DY,   DP,   which   are   the 
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hourly  differences  centering  at  the  whole  hour,  are  given.  Thus, 
for  example,  DY^  opposite  1  ",  +O.27,  is  the  algebraic  difference 
(Fis  at  1.''5  —  F12  at  0.'^5);  similarly  for  the  other  quantities. 
If  it  is  desired  to  obtain  the  derivatives,  it  is  only  necessary  to 
divide  the  tabulated  differentials  by  15  x  sin  1°  =  0.262,  since 
one  hour  corresponds  to  15°.  "A.  D."  at  the  bottom  of  the  table 
stands  for  "average  departure,"  that  is,  the  mean  value  of  the 
quantity  in  the  respective  column,  irrespective  of  sign. 

The  quantities  in  the  fcrmu'se,  (1)  to  (16),  are  indicated  by 
the  subscript  1  for  the  24-hour  wave,  by  the  subscript  2  for  the 
12-hour  wave,  and  by  the  subscript  12  for  the  combined  waves. 
The  quantities  in  columns  2  and  5  of  Table  3  have  been  derived 
trom  those  in  column  2a  with  the  aid  of  the  azimuthal  quantity, 
21°. 3,  which  appears  in  formulae  (15)  and  (16). 

Formu'se  (1)  to  (16)  haxe  been  established  by  the  method  of 
least  squares  with  the  aid  of  the  quantities  obtained  from  the 
data  in  Tables  1  and  3. 


Table  3. — Diurnal  variations  of  earth-current  gradients  and  of  differential  changes 

in  magnetic  components  and  atmospheric  potential-gradients  at  the  Ebro 

Observatory  for  the  magnetically-calm  days,  1914-1918,  24-hour 

wave  and  12-hour  wave  combined. 


1. 

2a 

2. 

3. 

4. 

- 
5. 

6. 

G.M.T. 

AW^.2 

DPi, 

DP,,{W) 

DX,2 

AiVn 

DPr,{N) 

DY,^ 

h 

v/k 

V/m 

V/ni 

y 

v/k 

V/m 

7 

1 

-1.5 

-   2.0 

-0.7 

-0.5 

-   2.9 

-    1.9 

+0.2 

2 

-0.2 

+  0.7 

+0.2 

-0.3 

+  0.1 

+  0.7 

+  2.4 

3 

+  1.1 

+  3.7 

+  1.3 

-0.2 

+  3  3 

+  3.5 

+4.4 

4 

+  2.0 

+  5.9 

+  2.1 

-0.2 

+  5.5 

+  5.5 

+5.3 

5 

+  2.1 

+  6.7 

+  2.4 

-0.4 

+  5.8 

+  6.3 

+4.8 

6 

+  1.4 

+  5.3 

+  1.9 

-0.6 

+  3.9 

+  5.0 

+  2.7 

7 

0.0 

+   2.0 

+0.7 

-0.9 

+  0.2 

+   1.9 

-0.6 

8 

-1.9 

-   2.5 

-0.9 

-1.2 

-  4.6 

-   2.3 

-4.0 

9 

-3.7 

-   7.2 

-2.6 

-1.3 

-  9.2 

-  6.7 

-7.1 

■  10 

-4.9 

-11.0 

-3.9 

-1.2 

-12.4 

-10.3 

-8.9 

11 

-5.0 

-12.9 

-4  6 

-0.8 

-13.3 

-12.1 

-9.0 

12 

-4.2 

-12.2 

-4.3 

-0.3 

-11.4 

-11.4 

-7.4 

13 

-2.5 

-  9,2 

-3.3 

+0.3 

-   7.3 

-  8.6 

-4.2 

14 

-0.2 

-  4.5 

-1.6 

+  1.1 

-    15 

-  4.2 

-0,4 

15 

+  2.3 

+  0.9 

+0.3 

+  1.6 

+  4.5 

+  0.8 

+3.2 

16 

+4.2 

+  5.9 

+2.1 

+  1.8 

+  9.3 

+  5.5 

+5.9 

17 

+5.1 

+  9.3 

+3.3 

+  1.8 

+  12.2 

+  8.7 

+  7.0 

18 

+  5.0 

+  10.3 

+3.7 

+  1.6 

+  12.3 

+  9.6 

+  6.5 

19 

+4.0 

+  9.2 

+3.3 

+  1.1 

+  10,0 

+  8.6 

+4  6 

20 

+  2.3 

+  6.3 

+2.2 

+0.4 

+  6.0 

+  5.9 

+  2.0 

21 

+0.3 

+  2.6 

+0.9 

-0.1 

+   1.4 

+  2.4 

-0.5 

22 

-1.3 

-  0.8 

-0.3 

-0.4 

-  2.4 

-  0.7 

-2.3 

23 

-2.2 

-  3.1 

-1.1 

-0.6 

-  4.7 

-  2.9 

-2.8 

24 

-2.2 

-  3.4 

-1.2 

-0.7 

-  4.8 

-  3.2 

-18 

A.  D. 

2.5 

5.7 

2.0 

0.8 

6.2 

5.4 

4.1 

r  =    -0.29 

(Ij 

r  =   +0.61 

(2) 

r  =   +0.2.S 

(3) 

r  =   +0.18 

(4) 

VARIATIONS  OF  EARTH  CURRENTS     '  133 

5.  Hypothesis  a. — llie  magnetic  diurnal  variations  are  caused 
by  earth-current  diurnal  variations. 

AF,  =  -  0.6S  AiV,; 

AX\  =  +  1.22  Air,: 

AY,  =  +  0.31  AX: 

AX,  =  +  0.21  Air^; 

We  see  that  not  only  do  the  factors  which  express  the  numerical 
relationships  between  the  magnetic  and  electric  diurnal  varia- 
tions differ  among  themselves,  but  they  are  even  of  reversed 
signs  for  the  24-hoLir  wave.  It  is  further  seen  that  the  ma.ximum 
value  of  r  is  0.61,  namely  for  AX^  and  A  IF,,  and  that,  in  gen- 
eral, the  correlation  between  AF  and  AN  is  less  than  0.30." 
The  conclusion  must  apparently  he  draivn  that  only  in  a  very  minor 
degree  may  the  observed  magnetic  diurnal  variation,  A  Y,  be  caused 
by  the  observed  earth-current  diurnal  variation,  AN;  however,  the  ob- 
served magnetic  diurnal  variation,  AX,  may  be  caused  to  a  consider- 
able extent  ly  the  observed  earth-current  diurnal  variation,  AW.^ 

6.  Hypothesis  b. — The  earth-current  diurnal  variations  are 
caused  by  rate  of  variation,  or  time-gradients,  of  terrestrial  magnetism 
during  the  day.     {Electromagnetic  Induction.) 


AN, 

=  +1.53  Z)F, 

A  IF, 

=  +1.52  DXr 

AN, 

=  +1.46  Z)F2 

AW, 

=  +3MDX 

A  AT,, 

=  +1.48  (DY^-i-DY,) 

AW„ 

=  +2.38  (DXr  +  DX,) 

r  = 


+0.96 

(5) 

+  0.79 

(6) 

+0.97 

(7) 

+0.88 

(8) 

+0.96 

(9) 

+0.77 

(10) 

For  this  hypothesis,  it  is  seen  that  the  numerical  factors  are 
practically  the  same  throughout,  excepting  those  for  (8)  and  (10). 
The  sign  of  the  factor  is  positive  throughout.  The  value  of 
the  correlation  coefficient  is  over  0.95  for  A  A/"  and  A  F,  and  while 
it  is  lower  for  ATFand  AX,  it  falls  between  0.77  and  0.88.  The 
conclusion  to  he  drawn  apparently  is  that  it  is  highly  probable  that 
earth-current  diurnal  variations  are  effects  resulting  from,  or  associ- 
ated with,  the  fluctuating  Earth's  magnetic  field  during  the  day.  How- 
ever, Chapman  and  Whitehead,  as  stated  in  §1,  have  not  yet  been 
able  to  obtain  entirely  satisfactory  agreement  between  the  gradients 
theoretically  deduced  on  this  hypothesis  and  the  observed  gradients. 

[If  account  be  taken  of  a  lag,  averaging  about  one  hour,  in  the 
earth-current  gradients,  AiVand  ATF,  with  respect  to  their  pos- 
sible primary  causes,  Z^F  and  DX,  then  the  correlation  coefficient 
for  (9)  is  +0.93  and  for  (10)  +0.88.] 

7.  Hypothesis  c. — The  eanh-current  diurnal  variations  are  in 
correspondence  with  the  rate  of  variation,  or  time-aradients,  of  at- 
mospheric potential-gradient  during  tJie  day.  {Varying  Electric 
Field.)  . 

<See  the  similar  conclusion  reached  by  L.  Steiner,  Terr.  Mag.,  vol.  13  (1908).  p.  62. 
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AA'i  =  1.04  COS  19.°6(-PP0  =\m.DP,{N) 
AWi  =  1.04 sin  19.6  (-DPO  =  \m.DP,{W) 
AN,    =  1.17  cos  21.9  DP^  =  1.17  .^^^^(A^) 

AW^   =  1.17  sin  21.9  DP,  =  \A7  .DP,{W) 

ANn  =  l.U COS  21.3  (DP,- DP^)=r  i.U.DP.,(N) 
AWn  =  \.Us\n2\.3  {DP,-DP,)=  \.U.DP,,{W) 


r  =  +0.93  (11) 

r  =  +0.85  (12) 

r  =  +0.99  (13) 

;.  =  +0.97  (14) 

r  =  +0.97  (15) 

r  =  +0.95  (16) 


It  is  seen  that  for  this  hypothesis  the  numerical  factors  are 
practically  the  same  throughout,  as  also  the  azimuthal  quantities 
(19°. 6;  21°. 9;  21°.3),  provided  that  the  original  signs  ot  DP,  be 
reversed.  The  average  correlation  coefhcient,  0.95,  is  even  higher 
than  that  (0.89)  for  hypothesis  b.  In  view  of  the  different  origins 
•of  the  24-hour  wave  and  the  12-hour  wave  in  atmospheric  electricity, 
the  former  progressing  chiefly  according  to  universal  time  and  the 
latter  chiefly  according  to  local  time,  it  may  not  be  surprising  that 
in  equations  (11)  and  (12)  it  was  necessary  to  use  —DP,  instead  ol 
-\-DPi.  (While  DPi,  varies  from  hour  to  hour  chiefly  according  to 
universal  time,  its  magnitude  at  the  same  absolute  time  at  various 
stations  may  be  different.)  The  azimuthal  quantity,  about  21° 
for  the  two  waves,  is  approximately  the  bearing,  24. °5  west  cf  true 
north,  at  the  Ebro  Observatory,  of  the  North  Magnetic  Pole; 
the  corresponding  bearing  for  the  north  end  of  the  magnetic  axis 
of  the  Earth's  internal  uniform  magnetic  field  is  15°.0  west  of  north, 
and  that  for  the  Earth's  external  uniiomi  magnetic  f^eld  is  14°. 3 
west  of  north.  It  would  seem  as  though  associated  with  changes 
in  atmospheric-electric  potential  there  are  electric  currents  which 
flow  approximately  along  the  magnetic  meridians  in  the  atmosphere 
and  in  the  Earth's  crust,  the  average  direction  of  flow  in  the  Earth's 
crust  being  in  opposite  directions  for  the  diurnal  and  semi-diurnal 
waves.  A  discussion  of  the  precise  modus  operandi  had  best  be 
deferred  at  present,  pending  the  completion  of  other  related  in- 
vestigations. //  niusl  be  concluded  apparcvily  ihaf  a  very  close 
relationship  exists  between  earth-current  diurnal  variations  and  time- 
gradients  of  the  atmospheric-electric  potential  during  the  day.  It 
would  seem  that  the  relationship  bctueen  earth  currents  and  atmospheric 
electricity  is  even  closer  than  between  earth  currents  and  terrestrial 
magnetism. 

As  a  result  of  the  relationships  given  in  §§6  and  7,  it  follows 
that  the  correlation  between  the  time-eradicnts  of  the  diurnal 
variations  of  terrestrial  magnetism  and  of  the  atmospheric  potential- 
gradient  is  very  high  (from  0.8  to  1.0). 

Eor  all  the  relations  ^i\qx\  in  §§6  fo  7,  the  correlation  coefficient 
is  generally  less  for  the  AX  magnetic  component  than  for  the  AY 
magnetic  component,  possibly  because  of  other  effects  entering,  as 
for  example  from  vertical  electric  currents,  cr  from  an  equivalent 
cause. 
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ANNUAL    VARIATION. 

8.  The  explanations  given  in  §4  with  regard  to  the  diurnal- 
variati'^n  quantities  hkewise  apply  to  the  annual-variation  quanti- 
ties (Tables  2  and  4)  by  making  the  appropriate  substitutions. 
Instead  of  the  monthly  values  of  the  derivatives,  8X',  BY',  and  8P', 
the  differential  quantities  dX,  dY,  dP,  which  are  the  monthly  dif- 
ferences centering  at  the  middle  of  the  month,  are  given  in  Table  4 
and  used  in  formulae  (21)  to  (32).  To  obtain  the  derivates  it  is 
only  necessary  to  divide  the  differential  quantities  by  30  X  sin 
r  =  0.524. 

The  amplitude  ratios,  Cilcx,  given  in  Table  2,  are  in  good  agree- 
ment for  I  1SI,1  P\  and  8  W;  those  for  8  Y'  and  8  N  differ  markedly. 
The  phase  angles,  4>i,  are  in  fair  agreement  only  for  8  Y,  S  N, 
8  P'  and  8  IF.  The  phase  angles,  4>2,  are  in  general  agreement 
for  all  the  quantities,  except  lor  8X  and  8  X' . 

Formulae  (17)  to  (32)  have  been  established  by  the  method 
of  least  squares  with  the  aid  of  the  quantities  obtained  from  the 
data  in  Tables  2  and  4. 

9.  Hypothesis  a. —  The  magnetic  annual  variations  are  caused 
by  the  earth-curreni  annual  variations. 

SF,  =  4-0.022  8.Vi  ; 

8Zi  =  -0.120  817,  ; 

87,  =  -f  0.049  hN,  : 

hX,  =  -0.010  8IF,  ; 

It  is  seen  that  the  numerical  factors  for  BY  and  BX  are  of 
opposite  signs  for  both  the  12-month  wave  and  the  6-month  wave, 
and  furthermore- differ  considerably  among  themselves;  both  of 
these  facts  are  difhcult  to  reconcile  with  the  hypothesis  that  the 
magnetic  variations  are  the  electromagnetic  effects  of  earth-current 
variations.  Yet  the  correlation  coefficients  are  high,  especially  for 
87  and  BN,  and  we  may  have  an  indication  here  that  in  the  annual 
variation  there  is  another  system  of  currents  (for  example,  vertical 
currents)  to  be  considered  in  addition  to  possible  currents  flowing 
parallel  to  the  Earth's  surface.  Accordingly,  it  would  seem  best 
,at  present  to  leave  open  hypothesis  a  for  further  subsequent 
examination. 


r  =  -f  0.99 

(17) 

r  =   -0.65 

(18) 

r  =  -f  0.91 

(19) 

r  =   -0.61 

(20) 

II'-) 
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Table  4. — Annual  variations  of  earth-current  gradients  and  of  monthly  differential 
changes  in  magnetic  components  and  atmospheric-potential  gradients  at  the 
Ebro   Observatory  for   the   mngnetically-calm   days,    1914-1918, 
12-month  wave  and  6-month  wave  combined. 


1. 

2a. 

2. 

3. 

4. 

5. 

•       6. 

Month 

bW,2 

dP,2 

dPi2{W) 

dX,2 

8Nr, 

dPx.iN) 

dY^, 

v/k 

V/m 

V/m 

y 

v/k 

V/m 

7 

Jan. 

0 

+  0.4 

+0.2 

+2.7 

+'    3 

+  0.4 

-1.4 

Feb. 

-13 

-   0.1 

0.0 

+4.7 

-   33 

-   0.1 

+  1.1 

Mar. 

-26 

-  3.0 

-1.2 

+  5.8 

-  60 

-   2.7 

+  1.2 

Apr. 

-49 

-  8.3 

-3.4 

+5.6 

-108 

-   7.6 

-0.1 

May 

-74 

-11.4 

-4.6 

+4.0 

-165 

-10.4 

-2.2 

Tun. 

-77 

-  8.8 

-3.6 

+  1.0 

-179 

-  8.0 

-1.1 

Jul. 

-42 

-  0.8 

-0.3 

-2.5 

-107 

-  0.7 

+2.0 

Aug. 

+  19 

+  7.5 

+3.0 

-5.3 

+  31 

+  6.9 

+4.3 

Sep. 

+  74 

+  11.0 

+4.5 

-6.6 

+  162 

+  10.1 

+3.6 

Oct. 

+91 

+  8.7 

+  3.5 

-5.8 

+  212 

+  8.0 

+0.1 

Nov. 

+68 

+  4.0 

+  1.6 

-3.4 

+  167 

+  3.7 

-3.2 

Dec. 

+29 

+  0.8 

+0.3 

-0.2 

+  77 

+  0.7 

-3.7 

A.  D. 

47 

5.4 

2,2 

4.0 

109 

4.9 

2.0 

10.  Hypothesis  b. — The  earth-current  annual  larialicns  are 
caused  by  the  rate  of  variation,  or  time-gradienis,  of  terrestrial  n.ag- 
netism  during  the  year.     {Electrcmagnciic  Indnclicn.) 


8N,    =    -  9.77  dY,                     ; 

r  =    -0.11 

(21) 

8W,   =    -   7.84  dX,                     ; 

r  =   -0.75 

(22) 

8N,    =    +  7.08  dY,                     ; 

r  =  +0.40 

(23) 

8W,   =    -47.\HdX,                     ; 

r  =   -0.78 

(24) 

SAT,   ^    +  2.32  (^F,  +  dY,)      ; 

r  =  +0.04 

(25) 

8VV..  =    -   8.59  (dXr  +  dX,)      ; 

r  =   -0.73 

(26) 

These  formu'se  show  that  not  only  do  I  lie  numerical  factors 
vary  considerably  among  themsehes,  both  as  to  nuignilude  and 
sign,  but  the  correlation  coefficents  likewise.  While  the  correla- 
tion coefficient  between  the  87V  and  dY  quantities  is  invariably 
small  and  variable  in  sign,  that  between  the  SiKand  (-dX)  quan- 
tities is  on  the  average  0.75. 

11.  Hypothesis  c. —  7'he  earth-currer.t  annual  variations  are  in 
correspondence  -aith  the  rale  of  variation,  or  time-gradients,  cf  attros- 
pheric  potential-gradient  during  the  year.     {Varying  Electric  Field.J 

8N,     =  20.00  cos  21°.6  dP,  =  20.00.rfP,  (N) 

Sir,    =  20.00  sin  21.6  dP,  =  20.00.f/P,  (W) 

m,     =     7.08  cos  28.5  r/P,  =     7.08.dP,(N) 

ZW,    =     7.0S  sin  28.5  dP,  =     7.08.dP,  (W) 

BNn    =  18.13  cos  23°.9  (r/P,  +  r/P,)  =  l8.\3.dPn(N) 

m'n  =  18.13  sin  23.9  {dP,+dP^)  =  18.13.(/P,,  (IF) 

These  fcrmulse  show  general  ccnsistency,  and  the  correlation  co- 
effi:^ients  range  from  0.53  to  0.97,  the  average  value  being  0.82. 
It  is  a  matter  of  interest  also  that  the  azimuthal  cjuantities  (21°.6, 
28°. 5,  23°.9)  as  obtained  from  the  annual  variations  are  practically 


r  =  +0.96 

(27) 

r  =  +0.97 

(28) 

r  =  +0.53 

(29) 

r  -  +0.64 

(30) 

r  =   +0.89 

(31) 

r  =  +0.91 

(32) 
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the  same  as  those  obtained  from  the  diurnal  variations.  It  would 
seem  that  ive  are  justified  in  concluding  that  there  is  a  very  close 
relationship  between  the  annual  variations  of  ear th-cnr rents  and  the 
time-gradients  of  the  atmospheric  potential-gradient  during  the  year. 

EXPLANATIONS    OF    DIAGRAMS. 

12.  Fig.  1  shows  a  graphical  qualitative  comparison  between 
the  diurnal  variations  of  the  earth-current  potential-gradients 
\W  and  N)  and  the  hourly  differential  changes,  or  time-gradients 
per  hour,  of  the  horizontal  magnetic  components  {X  and  Y)  and 
of  the  components  (IF  and  N)  of  the  atmospheric-potential  gradient 
(P)  as  obtained  from  Table  3.  No  quantitative  reduction  of  the 
curves  to  a  common  basis,  or  to  the  same  units,  has  at  present  been 
attempted,  the  main  purpose  being  a  comparison  as  to  phase  agree- 
ment and  general  course  of  the  various  curves. 

It  will  be  seen  that  for  both  sets  of  curves,  the  upper  (Nos.  1, 
2  and  3)  and  the  lower  (Xos.  4,  5  and  6),  the  curves  obtained  from 
rate  of  variation  in  atmospheric  potential-gradient  during  the  day 
(Nos.  2  and  5)  agree,  in  general,  better  with  the  correspondmg 
earth-current  curves  (Nos.  1  and  4)  than  do  those  (Nos.  3  and  6) 
obtained  from  the  rate  of  variation  in  the  horizontal  components  of 
terrestrial  magnetism  during  the  day.  Possibly  the  lag  in  phase 
shown  by  Curves  Nos.  1  and  2  with  respect  to  No.  3,  and  by 
Curves  4  and  5  with  respect  to  No.  6  may  prove  significant  in 
determining  which  phenomenon  is  cause  and  which  is  efTect. 

13.  Fig.  2  shows  a  similar  comparison  to  that  in  Fig.  1,  with 
regard  to  the  annual  variation  of  the  earth-current  potential- 
gradients  (PFand  N)  and  the  monthly  differential  changes,  or  time- 
gradients  per  month,  of  the  horizontal  magnetic  components 
{X  and  Y)  and  ot  the  components  (IF  and  N)  ot  the  atmospheric 
potential-gradient  (P)  as  obtained  from  Table  4.  _  Again,  no 
quantitative  reduction  ot  the  curves  to  a  common  basis,  or  to  the 
same  units,  has  at  present  been  attempted,  the  main  purpose  being 
a  qualitative  comparison  as  to  phase  agreement  and  general  course 
of  the  various  curves. 

It  appears  that  tor  both  sets  of  curves,  the  upper  (Nos.  1,  2  and 
3)  and  the  lower  (Nos.  4,  5  and  6),  the  curves  obtained  from  the 
rate  of  variation  of  the  atmospheric  potential-gradient  during  the 
year  (Nos.  2  and  5),  agree  better  with  the  corresponding  earth- 
current  curves  (Nos.  1  and  4)  than  do  those  (Nos.  3  and  6)  obtained 
from  the  rate  of  variation  in  the  horizontal  components  ci  ter- 
restrial magnetism  during  the  year.  A  study  of  the  phase-displace- 
ments of  the  various  curves  with  the  aid  ot  additional  data  may 
prove  of  importance. 

SUN-SPOT    CYCLE    VARIATION. 

14.  A  close  correspondence  is  found  to  have  existed  between 
variations  in  solar  activity,  earth  currents  and  the  atmospheric 
potential-gradient  at  the  Ebro  Observatory  during  the  past  sun- 
spot  cycle.  This  matter  will  be  treated  in  a  paper  dealing  with  the 
correlations  between  solar  activity  and  atmospheric-electric 
phenomena,  which  was  to  have  appeared  in  the  present  issue  of  this 
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Fig.  1. —  Qualitative  Compirison  Between 
Diurnal  Variations  of  F^arth  CurrL-nt  Potential- 
Gradients  and  Hourly  Rate  of  ("harg'  s  of  Ter- 
restrial Magnetism  and  of  the  Atmospheric 
Potential-Ciradi  •i\t  at  the  Ebro  Olis(  rvatory 
for  the  Magnttically-Calm  Days,  1914-1918. 
(See  §  12.) 
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Pig  2.— Qualitative  Comparison  Between  An- 
nual Variations.     (See  §13.) 
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Journal  but  whose  publication  has  been  deferred  until  the  next 
issue,  pending  receipt  of  certain  data  from  European  observatories. 

CHIEF   CONCLUSIONS. 

15.  Referring  to  the  observ^ations  of  earth  currents,  terrestrial 
magnetism  and  atmospheric  electricity  at  the  Ebro  Observatory, 
Tortosa,  Spain,  tor  the  magnetically-calm  days  during  the  five- 
year  period  1914-1918,  and  considering  tor  the  present  only  the 
first  two,  or  chief,  periodic  terms  of  the  Fourier  series,  the  tollowing 
main  conclusions  are  reached: 

a.  The  diurnal  and  annual  variations  of  the  Earth's  magnetic 
field  seem  to  be  the  direct  electromagnetic  effects  only  to  a 
certain  extent  of  the  observed  diurnal  and  annual  varia- 
tions of  electric  currents  flowing  in  the  Earth's  crust. 

h.  It  is  highly  probable  that  both  the  meridional  and  the 
latitudinal  components  of  the  diurnal  variation  ot  earth 
currents  are  effects  resulting  from,  or  associated  with,  the 
fluctuating  Earth's  magnetic  field  during  the  day. 

c.  A  very  close  relationship  exists  between  earth-current 
diurnal  variations  and  the  rate  of  variation  of  the  at- 
mospheric potential-gradient  during  the  day. 

d.  The  annual  variations  of  earth  currents  may  be  attributed, 
apparently,  to  a  certain  extent  to  the  rate  of  variation  of 
the  Earth's  magnetic  field  during  the  year. 

e.  There  is  a  very  close  relationship  between  the  annual 
variations  of  earth-currents  and  the  gradients  of  change  of 
the  atmospheric  potential-gradient  during  the  year. 

SUBSEQUENT   INVESTIGATIONS. 

16.  Since  formulae  (17)  to  (32)  were  established  it  became 
possible,  with  the  aid  of  the  results  obtained  from  the  investiga- 
tion in  §14,  to  make  another  determination  of  the  annual  varia- 
tions of  the  earth-current  gradients  and  of  the  atmospheric  po- 
tential-gradient at  the  Ebro  Observatory,  not  only  by  reducing 
the  ob.'^erved  quantities  for  the  period  1914-1918  to  the  <^ame 
epoch,  1916.5,  but  also  to  the  mean  sun-spot  number,  59.7,  for 
that  period.  While  the  numerical  factors  appearing  in  formulae 
(17)  to  (32)  are  slightly  charged,  if  the  revised  annual-variation 
quantities  are  used,  none  of  the  conclusions  already  drawn  are 
found  to  require  any  modifications. 

A  future  paper  will  include  also  a  consideration  of  the  third 
and  fourth  terms  of  the  Fourier  series,  both  as  regards  the  diurnal 
and  the  annual  variations,  will  contain  a  discussion  of  the  avail- 
able data  from  stations  other  than  the  Ebro  Observatory,  and 
will  treat  also  the  available  results  from  other  than  magnetically- 
calm  days.  The  main  purpose  cf  the  present  paper  has  been  to 
obtain  relations  which  may  be  tested  with  the  aid  of  further  data. 

{To  be  Continued.) 

Department  of  Terrestrial  Magnetism, 
Carnegie  Instuution  ok  Washington. 


LETTERS  TO  EDITOR 


ON  THE  MAGNETIC  ANOMALY  LN  POLAND. 

When  I  began  magnetic  investigations  in  Polish  territory  in 
1910,  I  could  not  be  guided  in  any  way  by  previous  surveys,  because 
they  were  mostly  disconnected  and  not  sufficiently  worked  out. 

From  separate  investigations  conducted  here  and  there  at 
different  times,  we  could  only  estim.ate  with  some  approxim.ation 
the  annual  changes.  As  a  fundam.ental  distance  between  observa- 
tion points,  I  took  40  kilom.eters,  though  realizing  that  later  on  it 
would  be  necessary  to  diminish  this;  however,  when  it  was  possible 
(the  facility  of  com.munication  had  to  be  thought  of  and  it  is  to  be 
remem.bered  that  I  was  doing  this  at  the  tim.e  of  Russian  rule), 
I  tried  to  use  also  sm.aller  distances,  about  half  as  large.  The  above 
explains  why  the  distribution  of  m.y  observation  points  is  not 
uniform  over  the  whole  of  Congress  (Russian)  Poland  which  has 
been  examined.  But,  thanks  to  it,  I  may  draw  with  still  greater 
assurance  conclusions  as  to  the  abnormal  course  of  isomagnetic 
lines,  and  form  other  plans  as  to  further  investigations.  Figs.  1, 
2,  and  3  show  the  observation-points  m.entioned  for  the  years 
1910-1913,  together  with  the  respective  values  of  D,  H,  and  /,  all 
reduced  to  average  annual  value  of  1912,  and  so  they  are  com- 
parable with  each  other. 

Thus  from  the  observations  already  m.ade  we  can  judge  as  to 
the  abnormal  course  of  the  isomagnetic  lines  over  the  territory  of 
Poland ;  further  investigations  will  bring  m.ore  detailed  information 
about  the  anomaly.  As  we  can  note,  it  is  not  of  large  m.agnitude, 
but  it  is  to  be  expected,  that  isomagnetic  lines,  which  only  later  on 
it  will  be  possible  to  determine,  will  be  in  certain  places  closed, 
embracing  certain  maxima  and  minim.a.  It  is  interesting  and  also 
in  accordance  with  the  above,  that  in  Western  and  Eastern  Russia, 
and  in  the  territory  immediately  adjoining  that  which  has  been 
examined  by  m.e,  the  abnorm.al  course  of  isogones  had  also  been 
confirm.ed,  as  is  shown  by  the  report  of  Adolf  Schmidt  on  results  of 
investigations  conducted  in  the  years  1905-1908. 

St.  Kalixowski. 

Ohservatoire  Magnetique, 

Swider,  pres  Varsoire,  Poland. 
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REGARDING  MAGNETIC  WORK  IN  NORWAY. 

I  have  the  pleasure  to  give  you  the  following  information  as  to 
the  present  magnetic  work  in  this  country. 

The  Haldde  Observatory  is  regularly  carrying  on  magnetic  ob- 
servations and  photographic  registrations,  but  no  publication  of 
the  results  has  thus  far  appeared,  and  moreover  I  fear  that  the 
absolute  measurements  and  the  determinations  of  the  constants  of 
the  instruments,  as  well  as  the  value  of  the  base-line  of  the  regis- 
tration curves,  have  not  been  made  regularly  and  with  the  ac- 
curacy demanded  in  modern  magnetic  work.  The  registration 
instruments  used  at  Haldde  are  of  the  Eschenhagen  type.  As  far 
as  I  know  they  have  a  double  set  of  such  instruments,  but  none  for 
eye  readings.  For  the  absolute  measurements  the  Haldde  Observa- 
tory possesses  an  instrument  from  the  firm  Tesdorpf  in  Stuttgart; 
this  instrument  is  designed,  not  as  a  first-class  station  instrument, 
but  for  survey  work. 

Beside  the  observations  at  Haldde  regular  magnetic  registra- 
tions (with  one  set  of  apparatus  of  the  Eschenhagen  type)  are  carried 
on  at  Dombaas,  a  place  on  the  southern  slope  of  the  Dovre  mountain 
between  Trondhjem  and  Kristiania.  As  far  as  I  know,  however, 
no  absolute  measurements  have  ever  been  made  at  this  place  and  the 
curves  obtained  have  consequently  only  a  limited  interest. 

On  Spitzbergen  and  the  island  of  Jan  Mayen  magnetic  registra- 
tions have  occasionally  been  made  by  expeditions  from  the  Geo- 
physical Institute  of  Tromso,  but  with  quite  unsatisfactory  absolute 
measurements,  and  up  to  the  present  time  no  results  from  the  mag- 
netic work  of  these  different  stations  have  been  published. 

We  have  also  a  long  series  of  unpublished  observations  at  the  old 
magneticobservatory  connected  with  thei^stronomic  Observatory  of 
the  University  of  Xn5/zaw^"o.  This  magnetic  observatory  was  founded 
by  Hansteen,  and  for  about  a  hundred  years  ocular  observations 
of  declination  and  horizontal  intensity  have  been  made  three  times 
every  day.  Owing  to  the  electric  tramways,  however,  which  since 
about  the  year  1900  have  passed  this  observatory  at  a  distance  of 
not  more  that  200  meters,  the  observations  during  the  last  25  years 
may  be  of  dimished  value,  but  they  have  been  continued  in  the 
manner  originally  established.  At  the  request  of  the  new  director 
of  the  Astronomic  Observatory,  Prof.  Schroeter,  I  am  having  all 
these  observations  more  closely  examined,  and  we  hope  eventually 
to  get  them  published  if  they  shall  prove  to  be  worth  publication. 

The  instruments  used  at  Kristiania  are  for  the  horizontal  in- 
tensity a  large  bar  magnet  (about  1  meter  long),  bifilarly  suspended, 
and  hanging  in  the  central  dome  of  the  old  observatory,  and  for  the 
declination  a  unifilar  magnetometer  from  Elliott  Bros.  This  last 
instrument  has  also  been  used  for  the  absolute  measurements  of 
declination  and  horizontal  intensity  during  the  last  40  years.  For 
the  determinations  of  inclination,  a  Dover  inclinatorium  has  been 
used. 
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As  will  appear  from  the  facts  above  mentioned  some  magnetic 
work  is  being  done  in  Norway.  I  am  now  trying  to  get  the  whole 
work  conducted  after  more  systematic  lines  The  first  thing  to  be 
done  will  be  to  get  exact  and  reliable  absolute  determinations  df 
the  magnetic  constants  at  least  at  one  station.  For  this  end  I  have 
planned  a  new  magnetic  observatory  chiefly  for  absolute  measure- 
ments and  comparisons  of  instruments  at  Trondhjem,  this  being 
the  most  central  place  of  the  country  for  such  work.  The  instru- 
mental outfit  of  this  observatory  will  be  a  new  magnetic  theodolite 
from  Bamberg  in  Berlin,  which  instrument  has  been  bought  upon 
recommendation  by  Prof.  Schmidt  of  Potsdam,  and  for  the  obser- 
vations of  variations  in  D  and  //,  magnetographs  of  the  Fschenhagen 
type  with  all  modern  improvements  and  arranged  both  for  registra- 
tion and  ocular  reading  with  telescope  and  scale.  Moreover  I  intend 
to  buy  an  earth  inductor  as  soon  as  funds  are  available.  From 
the  preliminary  examinations  of  the  Bamberg  theodolite  at  the 
Rude  Skov  Observatory  near  Copenhagen  this  summer  I  fear,  how- 
ever, that  the  instrument  is  not  made  of  absolutely  nonmagnetic 
materials.  The  final  examination  of  the  instrument  and  detemiin- 
ation  of  its  constants  cannot  be  done  before  next  spring.  As  soon 
as  this  work  has  been  performed  all  the  other  instruments  for  ab- 
solute measurements  which  we  possess  and  intend  to  use,  will  be 
compared  at  the  new  observatory  and  all  the  base  \alucs  will 
be  determined  at  the  magnetic  stations  where  registrations  are 
carried  on. 

At  the  same  time  I  hope  to  start  and  carry  on  a  regular  magnetic 
survey  of  Norway;  up  to  the  present  time  no  such  survey  has  been 
made.  Twenty  years  ago.  In  1904  and  1905,  I  made  some  pre- 
liminary observations  with  the  instrument  now  at  Haldde,  as  a 
beginning  of  a  complete  survey,  but  in  the  meantime  other  duties 
have  prevented  me  from  fulfilling  the  task.  The  results  of  the  said 
observations  have  been  published  in  Archiv.  f.  Mathematik  eg 
•Naturvidenskab,  1906,  but  are  of  little  value.  Other  survey- 
measurements  were  performed  by  the  late  director  Aksel  Stcen 
in  the  year  1902  with  the  instrument  used  by  Capt.  Amundsen  on 
his  expedition  with  the  "Gjoa"  to  the  magnetic  pole. 

For  the  survey  now  planned  I  have  just  ordered  an  apparatus 
of  the  Carnegie  Institution  type,  together  with  the  similar  instru- 
ments ordered  by  Sweden  and  Denmark,  and  I  hope  that  this  sur- 
vey may  be  carried  on  in  cooperation  with  similar  work  in  the  other 
Scandinavian  countries. 

Prof.  Sem  Saeland, 

Director  of  the  Physical  Institute  of  the   University  of  Christiania. 
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PROVISIONAL  SUN-SPOT  NUMBERS  FOR  JULY  TO  DECEMBER,  1923. 


Day 

July- 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

is 

0 

11 

8 

2 

17 

0 

13 

10 

28 

0 

3 

8 

0 

17 

7 

24 

4 

0 

0 

23 

7 

0 

5 

0 

0 

19 

27 

0? 

6 

0 

0 

16 

0 

7 

0 

0 

19 

0 

0? 

8 

0 

0 

ii 

0 

9 

0 

0 

22 

io 

0 

10 

0 

0 

23 

8 

7  •* 

0 

11 

0 

0 

10 

8 

12 

0 

0 

10 

7 

13 

0 

0 

8 

'7 

14 

0 

0 

10 

7 

1 

■ 

15 

0 

0 

10 

7 

16 

0 

0 

9 

8 

0 

17 

0 

0 

14 

10 

0 

0 

18 

0 

8 

0 

0 

19 

0 

0 

'7 

7 

0 

20 

0 

7 

0 

0? 

21 

0 

8 

0 

'7 

0 

22 

8 

0 

0 

23 

7 

0 

0 

27 

0 

24 

7 

0 

7 

25 

7 

0 

11 

32 

i6 

26 

7 

0 

14 

22 

27 

0 

0 

21 

21 

28 

0 

0 

19 

16 

'6? 

29 

10 

0 

19 

13 

7 

0 

30 

14 

0 

15 

13 

0 

31 

7 

19 

Mean 

3.7 

0.5 

13.7 

11.5 

7.3 

11 

Mean  number  for  the  year  1923,  i?  =  5.5 


Zurich,  Sept.  30  and  Dec.  31,  1923. 


A.   WOLFER. 


IS.     Principal  Magnetic  Storms  at  the  Clieltenham  Magnetic  Observatory,  April  to 

December,  1923.^ 


Greenwich  Mean  Time 

Range 

Beginning 

Ending 

Declination 

Hor'J    Int. 

Vert'l  Int. 

h         ni 

Sept.  26,  20  — 
Nov.  15,  22  — 

h       Ml 

Sept.  28,  3  — 
-  Nov.  17,  9  — 

66.8 
51.1 

y 
161 

173 

y 

157 

112 

19.     Principal  Magnetic  Storms  Recorded  at  the  Apia  Observatory,  January  1  to 

November  30,  1923.- 


Greenwich  Mean  Time 

Range 

Beginning 

Ending 

Declination 

Hor'l    Int. 

Vert'l   Int. 

1923         ''       '" 
Feb.    25,       0     .  . 
Mar.  24,       S     50 
Sept.  26,     U 
Oct.     15,       3 

Feb.    26,   12      .  . 
Mar.   25,     9       . 
Sept.   27,   13 
Oct.     17.     9 

6.2 
4.7 
4.3 
5  () 

7 

147 
114 
1.^.0 
10(1 

7 

23 

16    ■ 
18 
Not    recorded 

The  storm  in  October  begins  and  ends  very  gradually,  so  that  it  is  difficult 
to  assign  an  exact  hour  in  either  of  these  times.  Lat.  13°48.'4S.;  Long.  171°46'or 
ll»'27."'l  W.  of  Greenwich. 

20.  Alibag  Observatory  Magnetograms,  1906-1915.— Dr.  S.  K.  Banerji, 
Director  of  the  Bombay  and  Alibag  Observatories,  Colaba,  Bombay,  India,  has 
published  recently  two  volumes  of  reproductions  of  selected  magnetograms  ob- 
tained at  the  Alibag  Observatory  for  horizontal  intensity  during  1906  to  1914, 
vertical  intensity  during  1912  to  1915,  and  declination  during  1912  to  1915. 
Because  of  instructions  from  his  Government  to  observe  the  strictest  economy, 
Dr.  Banerji  states  that  it  is  not  possible,  due  to  the  considerable  expenditure 
necessary  for  postage,  to  distribute  these  volumes  to  all  of  the  institutions  and 
magneticians  to  whom  publications  of  the  Observatory  are  usually  sent.  He 
states,  however,  that  copies  of  these  volumes,  which  weigh  about  six  pounds, 
will  be  forwarded  gladly,  upon  receipt  of  request  with  postage  (Rs.  2  in  Indian 
money),  to  any  magnetician  who  may  care  to  have  them. 

'Communicated  by  E.  Lester  Jones,  Director,  U.  S.  Coast  and  Geodetic  Survey;  Geo.  Hart- 
nell.  Observer-in-Charge.     Lat.  38°  44'.0  N.;  LoriR.  76°  SO'.S  or  s''  07'".4  VV.  of  Greenwich. 

•Communicated  by  .\vdrew  Thomson,  acting  director  of  the  Apia  Observatory;  C.  J.  West- 
land,  Observer. 
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21.  Magnetic  and  Allied  Observations  During  Solar  Eclipse,  September  10, 
192 3. ^According  to  reports  received  especially  from  observers  witliin  or  near  the 
belt  of  totality  appreciable  magnetic  and  electric  effects  were  experienced.  The 
general  magnetic  conditions  were  ideal  for  the  observance  of  eclipse  effects; 
the  publication  of  the  reports  will  be  begun  in  the  ne.xt  issue  of  the  Journal. 

22.  Magnetic  Survey  of  Japan  and  Earthquake  of  September  1923. — In  a  letter 
from  Tokio  dated  October  24,  1923,  Dr.  N.  Watanibe  of  the  Central  Bureau  of 
Weights  and  Measures  states  that  the  catastrophe  of  September  1  did  great  harm 
to  the  official  scientific  work.  Field  notes  of  the  magnetic  survey  of  Japan  of  1922 
to  1923  were»lost  with  the  notes  of  the  standardization  of  the  magnetometers 
in  the  burning  of  the  Hydrographic  Office;  this  survey  was  completed  at  the  end 
of  August,  when  the  party  operating  in  the  southern  islands  returned.  For- 
tunately the  abstracts  of  the  observations  at  the  stations  were  unharmed,  and 
the  computations  of  the  survey  will  be  made  from  these  abstracts.  While  Dr. 
Watanabe's  electric  magnetometers  were  not  damaged,  the  measuring  apparatus 
and  the  laboratory  where  the  electrical  instruments  were  calibrated  were  burned. 
The  chief  scientific  losses  included  the  following:  Destruction  by  fire  of  the  Li- 
brary of  the  Imperial  University,  Central  Meteorological  Observatory  (excepting 
Library  and  Seismological  Department),  H^-drographic  Office,  National  Elec- 
trical Laboratory,  Bureau  of  Weights  and  ^Measures,  and  the  Aero- Dynamical 
Laboratory^  It  appears  that  the  building  of  the  Science  College  of  the  Imperial 
University  cannot  be  used  again.  Nine  physicists  and  many  of  their  assistants 
were  lost  in  the  Laboratory  of  the  Tokio  Electrical  Company — makers  of  tungsten 
lamps  amalgamated  with  the  General  Electric  Company  of  America.  Dr. 
Watanabe  suffered  no  personal  harm  in  the  catastrophe,  nor  Professors  5.  Naka- 
mura  and  H.  Nagaoka.  Prof.  .4.  Tanakadate  was  in  Europe  at  the  time  of  the 
catastrophe. 

23.  Central  Meteorological  Observatory  of  Japan  and  Kakioki  Magnetic 
Observatory. — Dr.  T.  Okada  in  a  letter  dated  October  31,  1923  states  that  during 
the  great  fire  which  followed  the  tremendous  earthquake  of  September  1,  the 
Central  Meteorological  Observatory  including  the  official  residences  of  the  staffs 
were  burnt  down;  all  of  the  books  and  periodicals  were  lost.  The  magnetographs 
for  quick  run  registration,  intended  to  be  used  in  the  solar-eclipse  work  of  Sep- 
tember 10  were  destroyed.  At  Kakioka,  the  damage  of  the  earthquake  was  very 
slight;  a  complete  record  of  the  three  elements  was  taken.  Dr.  Okada  narrowly 
escaped  from  being  crushed  by  a  tumbling  safe  in  the  clerk's  room  of  the  Central 
Observatory;  the  members  of  his  family  also  escaped  injury,  but  his  dwelling 
and  library  were  destroyed  by  the  fire. 

24.  Progress  of  the  Maud  Expedition. — On  December  3,  1923,  a  cablegram 
was  received  from  Capt.  Amundsen  stating  that  according  to  news  by  wireless 
from  the  Maud  the  scientific  work  was  progressing  splendidly  and  that  the  posi- 
tion of  the  vessel  was  then  75°13'  North  and  159°  East  of  Greenwich.  Captain 
Amundsen  himself  is  at  present  in  Norway  completing  arrangements  for  his  trans- 
polar  flight  from  Spitzbergen  in  June  1924.  He  has  been  promised  the  aid  of 
the  United  States  Navy  by  the  assignment  of  Lieut  Ralph  E.  Davison  to  com- 
mand one  of  the  three  airplanes  to  be  used. 
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25.  MacMillan  Arctic  Expedition,  1923.— Mr.  R.  H.  Goddard  of  the  De- 
partment of  Terrestrial  Magnetism  is  on  duty  with  this  expedition.  According 
to  information  received  by  wireless  a  very  satisfactory  observatory  has  been  built 
at  the  winter-quarters  at  Refuge  Harbor,  near  Etah,  Greenland  and  continuous 
registration  of  the  magnetic  elements  and  atmospheric  potential-gradient  are 
being  obtained.  The  appro.\imate  values  of  the  magnetic  elements  are:  decl'n, 
lOr  W;  incl'n,  85°.8  N;  hor'l  int.,  0.04  C.  G.  S. 

26.  Resolutions  on  Terrestrial  Magnetism,  Pan-Pacific  Science  Congress, 
Australia,  Atigust-September  1923. — The  following  resolutions  pertaining  to  ter- 
restrial  magnetism  were  adopted: 

"In  view  of  the  unique  opportunity  for  international  cooperation  afforded  by 
the  geographical  position  of  the  Toolangi  Magnetic  Observatory,  and  of  the  scarcity 
of  ma5;nctic  observatories  in  the  Southern  Hemisphere,  this  Con2;ress  strongly 
urges  that  adequate  provision  be  made  by  the  Government  of  Victoria  for  the 
prompt  reduction  of  the  observations  and  publication  of  the  results." 

'That  this  Congress  desires  to  place  on  record  its  appreciation  of  the  in- 
vestigations, valuable  both  to  geophysicists  and  navigators,  that  have  been 
carried  out  on  the  non-magnetic  survey  yacht  Carnegie,  and  expresses  the  hope 
that  it  will  be  possible  to  continue  this  work  by  the  magnetic  exploration  of  fresh 
ocean  areas  and  by  the  determination  of  the  secular  variation  of  the  magnetic 
elements." 

"Understanding  that  the  Imperial  Government  of  Japan  is  considering 
the  establishment  of  a  geophysical  and  astronomical  observatory  on  one  of  the 
Japanese  mandatory  islands  in  the  Pa  ific,  this  Congress  desires  to  express  its 
belief  in  the  scientific  value  of  the  scheme,  and  sincerely  hopes  that  it  may  be 
carried  out." 

It  was  decided  to  hold  the  next  meeting  of  the  Congress  in  Japan  in  1926. 

27.  Utrecht  Meeting  of  Commission  for  Terrestrial  Magnetism  and  Atmos- 
pheric Electricity  of  the  Inlernationijl  Meteorological  Committee,  September  1923. — 
At  the  Utrerht  meeting  of  this  Commission  on  September  6,  1923,  the  chief  mat- 
ters transacted  were  as  follows: 

It  was  considered  desirable  to  continue  the  publication  "Caractcrc  mag- 
netique  de  chaque  jour,"  edited  by  the  Royal  Netherlands  Meteorological  Insti- 
tute at  De  Bilt,  and  to  insert  in  the  quarterly  tables  a  list  of  the  five  most  dis- 
turbed days  of  each  month  (published  hitherto  once  a  year  by  the  Institute  on  its 
own  accountj. 

It  was  agreed  that  in  the  list  of  calm  days  of  the  annual  review  of  the  "Carac- 
tere  Magnetique"  the  mean  character  of  the  five  days  should  be  given;  and  that 
in  the  list  of  the  most  di.sturbed  days  the  character-number  of  each  of  the  five 
should  be  inserted. 

The  Meteorological  Institute  at  De  Bilt  was  asked  to  enter  into  correspon- 
dence with  the  directors  of  magnetic  observatories,  whose  character-numbers 
are  considerably  different  from  the  values  assigned  by  the  majority  of  the  sta- 
tions, in  order  to  recommend  them  to  choose  a  less  diverging  method  of  character- 
ization. 

It  was  thought  advisable  that  problems  like  the  "activity"  of  terrestrial 
magnetism  should  be  left  to  the  Section  of  Terrestrial  Magnetism  and  Klertricity 
of  the  International  Geodetic  and  Geophysical  I'nion;  the  Institute  at  De  Bilt 
is  willing  to  publish  the  results  obtained  by  the  Union  in  the  publications  con- 
cerning the  "Caraclere  Magnetique." 
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The  following  resolutions  were  adopted: 

1.  That  each  country  should  provide  for  the  regular  interconiparison  at  in- 
tervals, not  exceeding  three  years,  of  the  magnetic  instruments  at  all  observatories 
within  its  bounds,  and  should  designate  some  one  of  its  own  observatories  as  a 
place  for  intercomparisons  with  foreign  instruments. 

2.  That  the  attention  of  directors  should  be  called  to  the  necessity  for  close 
critical  examination  of  the  mjthods  employed  in  each  observatory  of  determining, 
the  scale  values  of  magnetic  curves  and  the  formulae  employed,  and  for  the  pub- 
lication of  the  results. 

3.  That  each  country  investigating  atmospheric  electricity  should  have  at 
least  one  observatory  making  systematic  observations  in  atmospheric  ele:tricity 
(especially  of  potential  gradient,  earth-air  current,  conductivity  and  ionic  charges) 
in  such  a  wav  as  to  se:ure  results  strictly  comparable  amongst  themselves  and 
also  comparable  with  analogous  results  obtained  in  other  countries. 

The  Commission  was  continued  for  the  present,  Dr.  Chree  being  elected 
president,  and  Prof,  van  Everdingen  continuing  as  secretary;  Prof.  Adolf  Schmidt 
was  made  a  co-opted  member. 

28.  Transactions,  Rome  Meeting  of  Section  of  Terrestrial  Magnetism  and 
Electricity  of  the  International  Geodetic  and  Geophysical  Union,  1922. — These 
"Transactions,"  contained  in  an  octavo  volume  of  VIII  -f  182  pages,  and  edited 
by  Louis  A  Bauer  as  secretary  of  the  section  and  director  of  its  central  bureau, 
appeared  in  October  as  "Bulletin  No.  3"  from  the  Johns  Hopkins  Press  of  Balti- 
more. The  typographical  work  was  done  by  the  x\bingdon  Press  of  Cincinnati. 
The  volume  contains  the  statutes  and  matters  of  organization  of  the  International 
Research  Council  and  the  International  Geodetic  and  Geophysical  Union,  re- 
ports on  terrestrial  magnetism  and  electricty  from  national  and  special  commit- 
tees and  from  certain  investigators,  minutes  and  resolutions  of  the  Rome  meeting, 
etc.  One  of  the  three  plates  shows  the  status  of  magnetic  surveys  in  1922,  and 
another  the  distribution  of  magnetic  observatories  in  1922. 

29.  United  Kingdom  National  Committee  of  Geodesy  and  Geophysics. — 
The  sub-committee  which  is  specially  concerned  with  Terrestrial  Magnet- 
ism and  Ele:tricity  has  been  constituted  as  follows:  The  Astronomer  Royal 
(Sir  Frank  Dyson),  The  Dire:tor  JMeteorological  Office  (Dr.  G.  C.  Simpson), 
Professor  S.  Chapman,  Dr.  C.  Chree  {Chairman),  Sir  Arthur  Schuster,  Dr.  A.  C. 
Mitchell,  Sir  Napier  Shaw  and  Mr.  C.  T.  R.  Wilson. 

30.  International  Geodetic  and  Geophysical  Union,  Madrid  Meeting  1924. — 
The  dates  for  the  next  meeting  of  this  Union,  which  will  be  at  Madrid,  have  been 
tentatively  set  for  October  1-10,  1924. 

31.  Lectures  in  Geophysics. — The  following  lectures  are  being  given  during 
the  winter  semester  (1923-24)  at  the  Sorbonne  under  the  auspices  of  the  Institut 
de  Physique  du  Globe:  Professor  Maurain,  General  physical  properties  of  the 
Globe  and  atmospheric  electricity;  M.  Dongier,  Physical  properties  of  the  at- 
mosphere. Prof.  Edmond  Rotke,  of  the  University  of  Strasbourg,  will  conduct, 
during  May  and  June,  1924,  a  course  in  practical  seismology  with  the  object 
of  training  candidates  for  work  at  scismological  stations. 


150  NOTES  [Vol.  XXVIII,  No.  4) 

32.  Personalia. — We  regret  to  record  the  following  deaths:  On  December  6, 
1923,  at  the  age  of  79  years,  the  Rev.  Mirc  Dechevrens,  S.  J.,  director  of  the  Zi-ka- 
wei  Observatory  in  China,  1875-1887,  and  director  of  the  Observatory  St.  Louis, 
Jersey,  since  1894;  Dr.  Fusakichi  Omori,  the  eminent  seismologist,  at  Tokio  on 
November  8,  1923;  Dr.  Otto  J.  Klotz,  the  well-known  director  of  the  Dominion 
Observatory  at  Ottawa,  Canada,  on  December  28,  1923,  at  the  age  of  71  years. 

The  Rev.  Poisson,  S.  J.,  has  been  appointed  to  succeed  the  late  Rev.  E.  Colin 
as  director  of  the  Observatory'  of  Tananarive.  Among  the  medalists  of  the  Royal 
Society  at  the  anniversary-  meeting  on  November  30,  1923,  were:  Sir  William 
Napier  Shaw  (Royal  Medal),  Professor  Horace  Lamb  (Copley  Medal),  and  Dr. 
Robert  Andrews  Millikan  (Hughes  Medal).  Mr.  //.  D.  Harradon,  librarian  of 
the  Department  of  Terrestrial  Magnetism,  while  on  a  furlough  from  October 
1923  to  August  1924,  is  pursuing  special  studies  at  Paris. 
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